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I present my own vision of the material world's formation. I think this new cosmological model deepens and extends the modern points of view on the universe. It allows to follow the evolution of matter up to forming of human society.
I had to rethink a lot and even to change and to surrender in some degree my points of view stated in my previous publications. But these changes had a partial character and naturally resulted from the evolution of my views on the world's processes. The fundament stands still and and that is what I intend to present you.
I owe my thanks to all those people who contributed to ny spiritual development, whose surnames will be mentioned in the text or in bibliographical list. Most of them are gone. But the charm of human life is that the biological death of a man does not necessarily abolish his social-intellectual immortality​[1]​. 

Chapter 1. INTRODUCTION INTO TERMINOLOGY

1. Before proceeding to the statement of my concept of the universe, and in its light to the evolution phases of mankind, I would like to explain the key terms to be met frequently in the text. Their correct understanding will make respectively for the deeper understanding of the issues I deal here with.
2. For the first time I came across the term “inert substance” in V. Vernadsky's works. By “inert substance” Vernadsky meant a substance (solid, fluid, gaseous, etc.) generated as a result of processes in, which living substance does not participate [14]. According to Vernadsky, inert substance is one of the basic components of the biosphere.
In my conception I expanded the contents of this term. As I see it inert substance is a cosmological magnitude by, which I mean the initial state of matter​[2]​ sprung up as the result of the big bang​[3]​. The distinguishing features of inert substance are as follows: the symmetry of the molecular constitution of internal material-energy environment, the reversibility of processes and the diversity of constructive combinations of isotopes. Inert substance is an aggregate of inorganic and organic compounds expressed in elementary chemical composition, mass and energy. The formation, evolution and interaction of inert substance is regulated by the fundamental laws of the material world. I. Prigogine distinguished the following levels of inert substance description: classical dynamics (trajectories)  quantum theory (amplitude probabilities)  statistical theory-irreversibility  stochastic theory (Markov’s chains)  macroscopic physics (limited to bifurcations) [34, 212]. Inert substance is represented in the material world in the forms of various compounds (galaxies, cosmic dust, planets etc. in various states: solid, liquid, gaseous etc.). Generally speaking, the system of inert substance is the universe in all its diversity.
3. The term “living substance” I also took from V. Vernadsky's works. I made almost no changes in its contents, though I understand this substance not only as the set of living organisms inseparably linked to the biosphere and as its inseparable part or function​[4]​ but as a cosmological magnitude describing the processes of the formation, evolution and interaction of living substance in space. As I see it, living substance is the secondary state of matter characterized by the asymmetry of internal material-energetic environment, the irreversibility, nonequilibrium and certain direction of physical and chemical processes, the selective ability of organisms regarding isotopes of chemical elements, and also by protein-nucleic structure. Pointing out these features, V. Vernadsky, I. Prigogine and others [14-16; 34-36] distinguish living substance as a self-sufficient cosmological phenomenon, i.e. the second stage of substance evolution.
Living substance evolves. Its evolution is based on two groups of laws: 1) the fundamental laws of the material world (the inert state of matter) and 2) directly influenced by its own laws of the formation, evolution and interaction of living substance. The forms of living substance are not only the forms of biological life on the earth familiar to us, but also seeds, spores, cysts etc. found in the space.
I think, that protein-nucleic structure is the only life-acceptable one. No matter what material object life exists on, its structure should consist of proteins and nucleic acids​[5]​.
4. The term “intelligent substance” I introduced on my own. The term as it is exists in the scientific literature, but it either means noospheric phenomenon – intelligent living substance (V. Kaznacheev and others)​[6]​ or has another semantic meaning.
   In my view intelligent substance is a cosmological magnitude describing the processes of formation, evolution and interaction of intelligent beings within space. Intelligent substance in my conception is the tertiary state of substance and its distinguishing feature is the existence of highly developed mentality – the field organization of cellular, tissue and partially organ levels; it is based on neuron, interneuron and intraneuron relations [7; 8]. The evolution of intelligent substance is influenced by three groups of laws: a) the fundamental laws of the material world (inert state of matter); b) the fundamental laws of living substance; c) the laws of the formation, evolution and interaction of intelligent substance system (social genesis). Mankind represents intelligent substance on the Earth.
5. The term “bioinert substance” is introduced into science by V. Vernadsky. According to Vernadsky, bioinert substance is formed by “living organisms together with inert processes, thus representing the dynamic equilibrium of the system of these two categories. Here we have oceanic and all other water of the biosphere, oil, soil, residual soil, etc.” [14, 51].
In my opinion bioinert substance is a cosmological magnitude describing the transition of the settled structure of the universe (the inert state of substance) to a highly organized filial state – living substance. It is a transitional form between two states of substance: inert and living substance. In its structural organization bioinert substance at the same time represents the most perfect form of inert (parental) substance, and structure containing preconditions for originating a brand new filial state of matter. The probability of existence of such transitional substance form is pointed out in S. Fox’s work on microspheres, A. Oparin’s works on coacervated drops and works of other authors on similar structures prior to the organization of life [46; 30; 31; 24].
6. I had to introduce the term “biointelligent substance” to identify a transitional form between living and intelligent substance. Biointelligent substance is a cosmological magnitude describing a new stage of substance evolution – a transitional period from living to intelligent substance. For the first time the fact of existence of such transitional form was pointed out by American professor J. Dana who called it the process of cephalization. He pointed out that the central nervous system of animals, the brain, is being continuously modifed by evolutionary processes in the course of geological time, and though sometimes long geological pauses occur but there is never any decrease of an achieved intellectual level [14, 251]. I believe that biointelligent substance includes five major and the most developed forms of living organisms: fishes, amphibias, reptiles, birds and mammals. The most part of the known natural world is not a system of living substance as it is traditionally considered but the space-time of biointelligent matter as the transitional form between life and intelligence.
7. The concept of “Primitive Man” was introduced in my very first works and it originally comprised both the definition of a transitional period and the first step in the evolution of human society. Subsequently, as a result of additional researches I introduced a new term – biointelligent substance. Combining two different definitions in just one term made confusion and inaccuracy in the statement of my conception. Now I use the term “Primitive Man” to denote the first stage of human society, directly related to essential features of mankind evolution. It unites phylogenetic representatives of mankind, starting with Ramapithecus and till Paleoanthropes​[7]​. The results of anthropological research show that the beginning of this stage should be dated to 2 million years ago when the African monkeys were divided into two branches (the first one resulted in subhuman primates, the second one – in the first hominids, Australopithecus) while the end should be dated to approximately 50 thousand years ago prior to the neoanthrop. The stage of Primitive Man is divided into three phases. Each of them corresponds to the stages of the initial organization of neoneuron combinations (speech centers, neuron memory combinations, etc.) that subsequently, being integrated with other neuron structures of the brain (reticular formation, thalamic nucleus, etc.), resulted in the formation and development of highly advanced mentality.

Chapter 2. THE COSMOLOGICAL MODEL OF THE UNIVERSE.
THE FORMATION OF INTELLIGENT SUBSTANCE

8. Before considering the formation of human society, it is necessary to determine the scales of the object analyzed. It would be a mistake to limit the analysis of the formation and development of mankind to the Earth and particular material object. Mankind is not a local phenomenon, it is the product of the evolution of the material world as a whole, to be exact of its third state – intelligent substance. Limiting consideration of society to a particular material object, we thus tear off strong, actual relations between the Earth civilization and the world of space, those phenomena and processes that take place in the universe.
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Fig. 1. The evolutionary transitions of one space-time into another. Y – the vector of substance development in the universe. Numbers designate the space-time of the states of matter: 1 – inert; 2 – living; 3 – intelligent substance. Letters specify the space-time of the transitional forms observed on the Earth: а) bioinert; b) biointelligent substance. The vector below specifies time in billions years.
9. In the first chapters of books “Intelligent Substance” and “The Essence of Human Life” [7, 8], based on the studies made by domestic and foreign scientists, we established that the universe, the material world surrounding our planet, does not consist of homogeneous substance, or rather is devided into the three states of matter: inert substance (the inorganic world), living substance (the world of living organisms) and intelligent substance (intelligent beings). Taking into account the age of the universe (13-15 billion years), we can not exclude the existence in the universe of other states of matter with higher organization of substance. It is only possible to speak that the evolutionary sequence of the states of matter in the universe corresponds to the structure of the material world represented on fig. 1. All the other unknown to us levels of the substance organization came into being later and surpass inert, living, and intelligent substances in a degree of perfection. We can not also exclude that the human mind at the present stage of its evolution can be incapable to perceive and the more so to gain knowledge of them due to their structural perfection, or new space-time of their existence​[8]​.
10. Reviewing the structure of the material world we inevitably face the problem of space and time that still remains unsolved. In my opinion this problem was presented quite thoroughly in V. Vernadsky's works [14; 15]. Here I offer my own view of these issues.
Dividing the material world into three states​[9]​ of matter we thus distinguish three levels of existence in it: inert, living and intelligent substances. Each level is nothing else than the space-time concept described mainly by M. Palladzh, H. Poincare, A. Einstein, H. Minkowskiy and I. Prigogine. Speaking about states of the inert, living and intelligent substance, we actually speak about any relevant space-time, i.e. about that n-dimensional space, which provides geometrical (and mathematical) description to the processes of the formation and evolution of this state of matter.
How are various states of matter coordinated with a certain space-time? First, as it was shown by the founder of physical and chemical analysis, Russian academician N. Kurnakov, and also by his pupils, there is some connection between various types of chemical compounds and properties of space. In other words, it was authentically established that there is a deep analogy between the geometrical properties of space and the chemical properties of bodies, which are in space. In space of inert, living and intelligent substances there should be the chemical compounds of three different types respectively.
Secondly, at the end of the nineteenth century mathematician and philosopher W. Clifford connected a problem of space with substance. According to Clifford, substance is a realization of the geometrical structure of space. To simplify, it sounds as follows: speaking about the structure of space, we talk about the structure of substance. And vise versa, considering the structure of substance, we inevitably hit the geometrical structure of space.
Thirdly, in 1758 Serbo-Croatian thinker R. Boshkovich offered a view to substance as environment-space with the centers of forces dispersed in it. In his opinion these centers are not located uniformly, which results in physical heterogeneity of space. But heterogeneity of space is not only geometrical, space changes also in the parameter of time. Thus, space is not a statistical system, but a complex heterogeneous dynamic system and when we speak about complexity and heterogeneity of space, we mean adequate parameters of substance, states of substance. Such complexity and heterogeneity of states of substance actually take place. Each state of substance has its own structure, which includes levels of exchange of substance, energy and information (see fig. 2, 5, 9). Every such level is a state of space. The assumption of existence of states of space was first proposed by P. Curie not long before his tragical death.
Fourthly, the connection between space and substance established by U. Klifford allows us to conclude that the basic properties of space show themselves in characteristics of a relevant state of substance. For example, thanks to L. Pstar's researches the absence of complex symmetry in space covered with life was established, and simple symmetry in this space quite naturally was broken. This feature of space resulted in the basic distinctive characteristic of living substance, namely, its dissymetry.
Fifthly, time is indispensably and constantly connected with space. It should be reorganed that we understand space and time not in Newtonian sense, i.e. as absolute and seperate parameters of life. We consider united space-time and its properties are described in works of H. Poincare, G. Minkowky, A. Einstein and others. One of the most important of such properties is the revealing of many of space characteristics in time. It concerns both dynamism of space and its anisotropism.​[10]​ It is possible to consider the structure of space as immobile statistical equilibrium only in some state and instant of time.
Sixthly, I. Prigogine points out two moments when science created certain pictures of the nature of physical existence [34]. The first case is Newtonian picture of the world, which is represented as formed by constant substances and states of motion. Here matter, space and time are separate: space and time act as passive “containers” of matter. The second one is the picture of the world built by A. Einstein. It is generally accepted that the greatest achievement of general relativity theory is that space-time ceased to be independent of matter, it is generated by matter. However from point of view of Einstein the idea of localization in space-time is an important component of his theory [34]. In opinion of Prigogine we are at the third stage when the concept of localization of space-time becomes a subject of careful analysis. The statistical two-piece of space and time is replaced by more dynamic two-piece of “temporalized” space [34].
   Seventhly, the experience of building of theoretical physics has convincingly shown, that the most deepest and general concepts of a physical science, probably can be strictly and unambiguously formulated only with the help of deep and serious mathematics. For example, the basic concepts of a state and an observation in quantum theory can be defined only as a vector and respetively an operator in endlessdimensional Gilbertian space, which was intoduced into science just two decades prior to the birth of quantum mechanics. The formulation of the theory of electromagnetism by J. Maxwell became possible only after A. Cauchy, C. Gauss, W.R. Hamilton, G. Stokes and other leading mathematicians of the 19th century had developed the sufficient general theory of the equations in individual derivatives (and vector analysis). It also proved that thus such basic, essentially important concepts of the theory of electricity as, for example, potential or, especially, vector-potential, are possible to set only as referred to concrete structures and operations in multidimensional spaces determined on axiomatic foundations [3].
Eighthly, it is authentically established, that the most part of processes and phenomena in the system of inert substance is described in three-dimensional euclidean space. Quantum mechanics that deals with phenomena in the system of inert substance and, in part, in the system of living substance is described by Gilbertian space. All physical and chemical processes occuring at various levels of the organization of living substance, are now considered from the point of view of their being “contained” in space of von Neumann’s self-reproductive (and self-complicative) systems, which is characterised by essential topological non-triviality. And absolutely new class of abstract spaces introduced into science by A. Grotendik is used as basic mathematical space describing various means of the organization of moving matter.
To sum up, these and a lot of other investigstions we did not mention allow to postulate the differentiation of the material world at least into five global spaces. They correspond to three states of substance: inert, living and intelligent substances, and also to two transitional forms: bioinert and biointelligent substances. The global scale of each of these five spaces determines the admissibility of intrinsic polymorphism, i.e. an opportunity of existence inside global space of a certain number of local spaces sharing certain parameters. For example, non-Euclidean geometries of N. Lobachevsky and C. Gauss, J. Bolyai and B. Riemann that made possible solution of problems of physics of gravitation and cosmology are built on the same basic assumptions, as usual Euclidean geometry, except for the parallel postulate. The polymorphism of global space-time presupposes the existence of various levels in the organization of states of matter.
11. Thus, we base our analysis of the evolution of the material world on the fact of unity of matter, space and time. We would like to emphaseze that from a philosophical point of view the realization of this fact is in itself a revolutionary step. For the first time we can talk about space-time of matter and its states. The established variety of spaces in the material world presupposes various levels of the organization of substance, the ladder-shaped structure of the universe. Also the polymorphism of spaces within a certain state of substance signifies about the structuralization of this state of substance and the presence of a complex, multilevel system in it. For example, now science distinguishes eight levels of the organization living substance: molecular-genetic, tissue, organic, organismic, ontogenetic, population-species (population-evolutionary), geobiome (биогеоценоз), biospherical. Hence, global space-time of life is differentiated at least into eight individual spaces, with its time, geometry etc. features. All these individual spaces are independent and self-sufficient. But it is as if they are “glued in” the global space-time of life, make its indivisible whole. ​[11]​
At present we know three states of substance and respectively three predominant space-times – inert, living and intelligent substances – and also two transitional forms of substance with their space-times. Let us consider them in more detail.
12. The space-time of the inert state of substance is the first stage of the universe, which came into being as a result of the big bang. For a number of subjective reasones all main cosmological models consider the evolution of the universe, as the princiral, predominant stage of the universe. Modern cosmology is a science of the origin of the universe and accordingly, its structure, which is represented on fig. 2.
But such exaggerated evaluation of inert substance, processes of its formation and development, does not allow to see the true multilevel structure of the universe. The universe is only an episode in that complex, ladder-shaped evolution of substance, which we will try to present here. The analysis of inert substance explains the development of substance only at an atomic level and only in its own space-time. It is possible to accept as an established fact that the space-time of inert substance as a whole reveals the structure of substance, which can be described in terms of three-dimensional geometry of Euclid. The space-time of inert substance is devided into a number of local spaces, which form original hierarchical structure of the universe (fig. 2). The initial (fundamental) level of the universe is intensively migrating atomic nuclei, moving at enormous speed (mainly, hydrogen (75 %) and helium (25 %)), elementary particles (photons and neutrinos)which constitute cosmic rays. The second level is the dispersed atoms, which form interstellar intergalactic gas, consisting of free atoms, ions, molecules, electrones. Its average density is estimated approximately as 10-25-6 gr/sm3. The quantity of this dispersed substance in our Galaxy is commensurable with substance concentrated in stars and gas nebulae. Interstellar gas has different stages of rarefaction. The third level is concentrated atoms, forming planets, meteorites, comets, stars of various types, gas nebulae. The degree of concentration of substance in all these bodies varies from white dwarfs with average density of about 10-6 gr/sm3 to gas nebulae with density 10-6 gr/sm3. The most dispersed states of atoms are kept by gravitational forces or on the verge of their overcoming [17]. The fourth level is star clusters, groups of stars connected by gravity and consisting of several scores to a million of stars. Star clusters are divided into dispersed and spherical, according to their apperarance, composition and location in Galaxy. The fifth level is made by galaxies. Galaxies are star systems connected by gravity and consisting of hundred billion stars. The main classes of galaxies are elliptic (Е), lens-shaped (SO), spiral (S), with the crosspiece (SB), irregular (Ir). The sixth level is the universe. The modern science defines the following properties of the observed universe: 
а) the homogeneity and isotropy of allocation of visible substance in space on a large scale (100 Мpc);
b) the expansion of the universe;
c) the prevalence of some chemical elements, in particular, the similarity of proportion between the presence of hydrogen and helium in observed objects;
d) the existence of relict radiance.












Fig. 2. Hierarchical structure of inert substance.

The cosmological research of inert substance has its theoretical basis in main physical theories: gravitation theory, electromagnetism theory, elementary particles theory etc. Empirical data are given by astronomy. Modern cosmology is based on four fundamental facts already mentioned. The evolution of inert substance in space-time is described by general theory of a relativity formulated in 1916 – GRТ (A. Einstein, W. de Sitter, A. Friedmann). The modern cosmological model of the universe is based on the theory of the homogeneous and isotropic expanding universe created by A. Friedmann. This theory describes the mechanics of hot model and is in concordance with the results of astronomical observations.
According to the modern level of knowledge concerning space-time of the inert state of substance it is possible to state the following.
1. Inert substance is based on the atomic structure of substance, which is described by quantum physics laws discovered in the last century.
2. There are solid, fluid and gaseous states distiguished in inert substance and each of them has its own space-time organization all of them immanent in the space-time of inert substance.
3. In this space substance is formed by physical and chemical processes reversible in time. The space where take place these processes coinsides with isotropic or anisotropic space of Euclid [14, 16].
4. The most widespread chemical element in the system of inert substance is hydrogen. Prevalence of a chemical element is defined on the basis of studying of all data of cosmochemistry: the spectra of the sun and stars, the regions of ionized hydrogen, interstellar emission nebulae, the composition of primary cosmic rays, the chemical analysis of meteorites, lunar soil, and other data of geochemistry. The density of an element is characterized by its amount in one gram of cosmic substance. And so, the average amount of cosmic elements in the universe is as following: hydrogen – 0,774; helium – 0,208; carbon – 4·10-3; nitrogen – 9·10-4; oxygen – 9·10-3; sodium – 4·10-5; silicon – 8·10-4; iron – 1,4·10-3 [ 20 ].
5. The system of inert substance (the universe) is not stationary. Non-stationarity of the universe was found by receding of galaxies from the Earth. V. Slipher, E. Hubble etc. discovered the important law: the speeds of galaxies receding are directly proportional to the distance to them [20].
6. The space-time dimensions of inert substance have a wide range of distinctions. The minimal size of an inert body is determined by two types of elementary particles of this substance: leptons (electron, muon, tau etc.) and quarks (5 types of quarks are known). The maximal size is determined by the size of a planet. Therefore the range of the dimensions of inert substance changes from 9·10-28 gr (weight of electron) up to 2·1030 kg (mass of the sun).​[12]​ 
7. Inert substance in its space-time is formed by the “game” of physical and chemical processes during astronomical time. This “game”, as many physicists think, is determined by main laws of the organization, development and interaction of inert substance.
8. The amount of different chemical compounds (molecules and crystals) in the space-time of inert substance is limiteded. The scientists believe that there are several thousands (V. Vernadsky) of chemical compounds: molecules and crystal spatial lattices, which make variety of inert substance in the universe.
9. The most complex molecules found in interstellar environment, consist of only 13 atoms. Thus the time interval between the time of the first atoms and the first molecules is approximately 10 3 years​[13]​.
10. In the space-time of inert substance the isotropic thermal background of electromagnetic radiation, which was discovered in 1965 by the English engineers A. Penzias and R. Wilson is observed. I.S. Shklovsky called it thermal radio emission. Now thermal radio emission is observed in the range of wavelengths from 0,6 mm to 50 sm. The accumulated data confirm that it is equilibrium thermal emission. Its temperature is 2,7 K. The average energy of photons of thermal radio emission is 3000 times less than energy of visible light, but the number of photons is very big. There is about billion photons of thermal radio emission for each atom in the universe [20].
11. In the space-time of inert substance there is no such an important for living and intelligent substance parameter as breeding. Inert substance is formed as a result of physical and chemical processes, and also in the course of synthetically replicated by living or intelligent substance experiments.
12. The amount of inert substance on a particular material object does not depend on the size of a planet, and is determined by properties of planetary and cosmic matter. The mass of inert substance in space-time is probably not limited quantitatively and varies considerably.
13. The system of inert substance is homogeneous. Stars, star clusters, gas nebulae form a huge structural unit – the Galaxy. Outside the Galaxy there are other galaxies at the distances more than million parsecs. Most of them have the size of about 10 kpc and consist of billions of stars. The most part of galaxies belong to clusters with the size of about 10 Мpc. There are regular and irregular clusters. Regular clusters have spherical form and consist of ten thousand galaxies. Irregular clusters consist of just several scores or hundreds of galaxies. Now it is known 7000 clusters of galaxies. Thus on a large scale the universe is homogeneous on average.
14. The interaction inside the system of inert substance takes place at the levels of strong, weak, electromagnetic and gravitational interaction.
Thus inert substance as a cosmological phenomenon is the complex structure of the expanding universe. The basis of this structure are physical and chemical processes at the atomic level, which form and determine the development of substance at the first stage of the universe.
13. The evolution of inert substance created conditions for the organization of a qualitatively new level linked with a transitional form of substance – bioinert substance. Bioinert substance is not only a transitional form between inert and living substance, but also the qualitatively new space-time of substance with its special symmetry and other immanent parameters. As it was mentioned above this fact is indicated in works of S. Fox on microspheres, A. Oparin on coacervate drops and other authors on similar structures prior to the organization of life [46; 30; 31; 24].
In my view the space-time of bioinert substance (as well as any transitional form) is less complex in its intrinsic organization than the space-time of any other state of substance. The cause is its intermediate position when, on the one hand, there is the space-time of inert substance, and, on the other, there is the space-time of life. Such state oppresses the intrinsic development of bioinert substance, forces it out on minor positions.
The transitional character of bioinert substance indicates that the processes in its space-time are not “finished”. It does not mean imperfection or incompleteness but instability, half-tonality, non-selfsufficiency and dependence. The space-time of bioinert substance as the transitional state of substance is necessary and indispesable. This fact is indicated by the principle of Redy​[14]​, which was actualized in the scientific world by V. Vernadsky. But this necessity is temporary. As soon as there appears a filial state of substance (living substance, in our case), bioinert substance at once loses its importance, giving way to the development of a newly oriented and, as it were, aggressive state of substance. In spite of aggressive and attacking character of the new state of substance bioinert substance as the transitional form is used at first as a raw material from, which the first forms of the filial state take all its energy, substance and information. As far as the filial state of substance needs a transitional form, bioinert substance keeps its importance in the universe. But as soon as the filial state becomes firmly established in the material world, reaching maturity, it represses a transitional form and completely solves it in space-time.
With the space-time of bioinert substance we for the first time get into new region – the world of macromolecules. In conrast to the inert state of substance, which is characterised by atomic structure or, rarely, the predominance of micromolecules, bioinert substance is a level of development of complex molecules. According to modern cosmological views, the first macromolecules of life were preceded by the following stages of the organization of the system of inert substance (fig. 3):
Origin of the Universe
↓
Evolution of stars and elements
↓
Formation of organoelements out of the first simple molecules
(CH4, NH3, CO, H2CO, НСN, H2O etc.) in interstellar clouds
↓
Condensation of interstellar gasic-dust clouds
( simple gases, primary atmosphere) and the formation of the Solar system
↓
Formation of the primitive Earth
↓
Formation of a secondary atmosphere of volcanic origin
↓
Formation of plenties of micromolecules by the impact of various kinds of energies (thermal, electrical discharges, radiation) 
on components of terrestrial atmosphere and hydrosphere
↓
Formation of macromolecules by way of condensation of micromolecules

Fig. 3. The stages of the formation of the system of inert substance prior to the origin of bioinert substance [46].

Speaking of bioinert substance, we abandon space, as in it the existence of micromolecules is only possible. Bioinert substance as a cosmological magnitude is the product of theevolution of inert substance objects, mainly, planets. The very first stars in the universe cane into being 4,5 billion years after the big bang. In thermonuclear boilers of these stars various chemical elements formed, including heavy ones, which were the building bricks of future macromolecules. Atoms of carbon, hydrogen, oxygen, nitrogen and sulfur in different proportions played the role of such bricks for bioinert substance. Arranged in complex macromolecules, they for the first time formed a new level of the organization of substance – functionality. Matter began to be functional in a way. Only at the stage of living substance matter becomes completely functional (complex-functional).
The point is that in themselves atoms of carbon, hydrogen etc., and even taken together are chemical elements with inner-atomic structure established by physicists, which can be described by three-dimensional Euclidean geometry (in unusual cases – by Gilbertian space). Quite different level of organization reveals bioinert substance. Here the atomic structure of carbon, oxygen, hydrogen and other basic chemical elements of life is integrated into such structure, which results in functionality. Macromolecules described by Oparin, Fox and others differ from those of inert substance not only by their complexity, but mainly by their functionality. They can be self-reproductive and self-complicative. Euclidean geometry can not describe these processes. Is is quite new space-time with its peculiar symmetry and geometrical postulates.
The space-time of bioinert substance, in my opinion, is most fully described by J. von Neumann’s model of self-reproductive and self-complicative system, which was offered in 50th of the XX century. Von Neumann came to logically strict explication of concept of self-reproduction as a result of development and generalization of A. Turing ideas of universal logical-mathematical machines. The greatest merit of von Neumann, in my opinion, is the establishment of the fact that the reality of self-reproductive device is possible only in the event that the material carrier of its description (a tape of Turing’s universal machine) is different from initial self-reproductive system in its physical nature. Almost 10 years prior to the discovery of the role of nucleic acids in reproduction of protein molecules von Neumann had given the most detailed explanation of bioinert and living substances being always connected at least with two – material and informational – levels of matter organization [3].
Thus the comprehensive investigation of physical and chemical processes in macromolecules of bioinert substance​[15]​ is to be considered from the point of view of their being “contained” not in usual (Euclidean) space, but in the space of self-reproductive (and self-complicative) von Neumann’s systems. The latter differs greatly from the former by its essential topological non-triviality: anisotropic streams of impulses continuously move through every almost elementary cell-automaton of this space. They form so called binding and time loops, which for every self-reproductive cycle either “read off” or modify (or both and many times successively in central cels) a state of each cell of the space of self-reproductive system [3].
Thus the second stage of the universe, the space-time of bioinert substance is characterized fy the following features.
1. It is a level of development and coexistence of macromolecules having the important property – functionality. In other words, they are not only organized in certain stationary structures, as in inert substance, but their organization results in functionality, nonlinearity. They are essentially functional. And this functional essence of macromolecules of bioinert substance makes them quite different from typical structures of inert substance.
2. The space-time of bioinert substance is a new level in the development of substance. It concerns with the qualitative development of substance on the settled material objects (planets). By way of the processes of formation and integration of molecules into macromolecular structures, substance began to get a new qualitative feature – functionality.
3. The space-time of bioinert substance is geometrically described by von Neumann’s model of self-reproductive and self-complicative systems. 
4. According to A. Oparin, bioinert substance has microscopic size and is most likely limited in number. The present level of knowledge does not allow more exact estimation, as well as the fact that our planet is abundant in other states of substance, which influence products of evolution of bioinert substance. Most likely, to collect more exact information on this question we have to explor material objects, which are at the bioinert substance stage of development.
5. Bioinert substance actively influences inert substance and at the same time uses its energy and substance sources. It forms the global circulation of substance and energy, which is open for the influence of external material environment.
6. The organization and development of macromolecules of bioinert substance for the first time is based not not only on the laws of inert substance organization, but also on essentially new laws revealing and directing a new quality of matter – functionality. Therefore, considering the formation and development of bioinert substance, we should approach to this question from the point of view of laws characteristic of that space-time.
7. Bioinert substance includes a big range of more complex chemical elements. The individual share of these elements in the organization of bioinert substance is qualitatively different from that in inert substance. Despite of the former predominance of hydrogen in the organization of bioinert substance, atoms of carbon and oxygen began to play a significant part instead of helium.
8. The study of bioinert substance is still far from finished. Russian scientist, academician A. Oparin spent much energy on it, but, unfortunately, he missed and undervalued the whole spectrum of features of a transitional form, in particular, aspects of symmetry, the origin of the living from the living etc. [4]​[16]​.
9. Thanks to V. Vernadsky's research it is now recognized that bioinert substance, which subsequently gave rise to a whole range of the transitional form had not an individual, but complex, cumulative birth. Transitional forms, and subsequently the living substance comes into being not separately, but as an aggregate of various forms in a complicated manner related to each other and to environment. The evolution of matter, having reached a certain point, enters new space-time and continues its development at a qualitatively new level. This empirical conclusion is very important because in itself it denies an opportunity of individual, casual radical changes in the material world and indicates that the linear working out of schemes of transition from one state of substance to another is doomed to failure beforehand. (The results of such working out will at best specify some particular changes).
14. The development of a transitional form created conditions for the organization of the space-time of a new state of substance – living substance. Living substance is the secondary or filial state of substance as to the parent state of inert substance. Therefore, many laws and features of the space-time of inert substance, on the one hand, dominate in the space-time of life and, on the other hand, determine the development of life. This was shown in the researches A. Chizhevsky and his pupils [49].
As a cosmological magnitude, living substance is a natural consequence of the evolution of bioinert substance. Thus the formation and development of living substance is not an individual act on a particular material object, but the natural process of the material world evolution, the second stage of the universe. Therefore, living substance is a natural phenomenon on any material object with certain conditions, among which two global ones can be distinguished. The first is the perfection of inert substance, which has reached a stage of a stable material object where as a result of physical and chemical processes the formation of various micromolecules becomes possible. The second is the opportunity of transition of micromolecules of inert substance into macromolecules of bioinert substance, which create primary conditions for the formation and development of the first biopolymers of life. As soon as these and other important conditions are ready, matter reaches a new qualitative state. It gets functionality, thus forming the space-time of life. A material object gives place for the coexistence of two states of substance, which has double meaning: cosmological and internal (local). The cosmological aspect indicates the tight connection in evolution between inert and living substance of a particular material object with external environment, and accordingly and with the laws of the organization of the material world. The internal (local) aspect concerns the features of interaction of two states of substance on a particular material object.
We have now a lot of empirical data concerning the space-time of living substance and they often reveal features not so much of living substance, as of biointelligent substance. At present the distinction between these two qualitatively different spaces is not clearly stateds in modern science. We will try to present here a systematical statement of generally accepted views.
1. The space-time of life is the region of the formation, development and interaction of biological polymers. It is these macromolecules that in their variety constitute life. The physical characteristic of biological macromolecules is the conjugated double-bond systems formed by -electrons. The delocalization of -electrons in many respects determines functional properties and the stabilization of biopolymers structure and it can be considered as one of the physical factors influencing the character of molecular processes of metabolism. Probably, macromolecules like biopolymers of terrestrial type make the basis of the structural organization of living matter and, hence, an indispesable attribute of its existence in conditions of other planets [32].
The existence of biological polymers in space is impossible​[17]​. It is the product of the evolution of substance on a particular material object. Thus the space-time of life is connected with the development of inert substance on a particular material object. It is the second stage of the universe after the formation of planets and the transitive bioinert form. As a result of the reverse decomposition of biopolymers we receive their constituents, i.e. the chemical atoms of carbon, hydrogen, oxygen, nitrogen and sulfur. But this returns us to the space of bioinert substance, i.e the chemistry of various atomic-molecular inorganic (or, more precisely, half-organic) processes. In this way we can go further and break the atoms of carbon, hydrogen etc. into electrons, protons and neutrons (having concentrated on them a lot of energy), which similarly returns us to the microcosm of inert substance, i.e. to the physics of elementary particles [3].
Thus the space-time of life is the region of biopolymers with their own geometry, initial properties etc. All biopolymers are complex-functional. Complex functionality is the basic distinctive feature of substance at this stage of the universe. The opportunity of decomposing of biopolymers into initial components of inert substance indicates that inert substance plays a parental role for living substance.
2. The whole variety of life is based on reactions between the first 26 chemical elements of Mendeleyev’s table. Moreover, the basic set from, which almost all biological structures can be built consists of only 12 chemical elements: Н, C, N, O, Na, Mg, P, S, Cl, K, Ca, and Fe. In this connection a very interesting though not quite understandable tendency should be mentioned: in the process of evolution of substance (from inert to living matter) the amount of chemical elements involved in local circulation increases. At the same time the interrelations between them remain sirprisingly identical. Thus, for example, the system of inert substance (the universe) consists of: hydrogen – 70 %, helium – 29 %, and only 1 % of other chemical elements. The living substance consists of: hydrogen – 70 %, carbon – 18 %, oxygen – 10,5 %, other elements – 1,5 % [14].
3. The chemical composition of all living systems of terrestrial origin includes carbon. This element forms molecular chains, which make the basis of all main bioorganic compounds and, first of all, proteins and nucleic acids, whereas water plays the role of biological solvent. Thus the unique basis of life known so far is carbon-organic protein-nucleic-aqueous [32]. The possibility of building of complexes with similar properties on the basis of other chemical elements (for example, silicon, phosphorus etc.), as I think,  is very unlikely, since the material world and fluctuating development of matter are strictly regulated by universal laws.
4. For its origination and further development life needs some favourable conditions on a material object as in the process of development of organic compounds the influence of external environment becomes increases. They are as follows: а) the presence of initial carbonaceous compounds, which are the product of the evolution of bioinert substance; b) regenerative conditions on the surface of the preactualistic Earth; c) the sources energy necessary for syntheses. All these conditions arise on an inert substance object at a certain stage of its development.
5. The state of the space (volume) adequate to a body of a living organism, little or much, is dissymmetric [14; 15]. The principle of dissymmetry of living substance, according to modern views, presupposes chirality of living substance. Chirality is deflection from mirror symmetry characteristic of bioorganic compounds (asymmetry of L-isomers, i.e. levopotatory, and D-isomers, i.e. dextrorotatory). In living substance all amino acids are L-isomers, and sugars are D-isomers. This is the manifestation of chirality of living substance. In inert substance there are equal mixtures of the two called racemic mixtures [23].
P. Curie, taking into account possibility of existence of different forms of dissymetry, defined their possible geometrical structure (or character of bond): dissymetrical phenomenon is determined by that same dissymetrical cause. Hence​[18]​, the special state of space of life has its special geometry, which is not usual Euclidean geometry [14].
6. There is no a complete mathematical model of the space-time of living substance in modern science though some progress has been made in this direction lately. For the time being the works of C. Waddington, von Neumann and Grotendik [3] in theoretical biology present the fullest description the basic characteristics of the complex functioning of living substance: disbalance, irreversibility, self-reproduction, self-complication etc.
7. All living substance irrespective of its place on evolutionary ladder contains the following types of macromolecules:
а) nucleic acids – DNA and RNA. DNA stores the genetic information necessary for reproduction, and RNA are involved in the decoding of this information from genes into instructions for protein synthesis;
b) proteins, which serve basically as accelerators of chemical reactions occurring in organisms or as structural components of organisms;
c) polysaccharides and lipids, which serve as energy sources and structural components.
Except for these compounds, there are many other compounds of low molecular weight that are universally diffused – -amino acids, purines, pyrimidines and organic cofactors. Even more important is that almost all known forms of terrestrial life are absolutely identical as to many sequences of biochemical transformations and metabolic pathways (for example, anaerobic glycolysis, the citric acid cycle, the replication and transcription of nucleic acids, the biosynthesis of protein, the biosynthesis of fatty acids) [26].
The important fact is that in “organic” functioning of “living” protein molecules the main part belongs not to individual properties of atoms of carbon, hydrogen, oxygen, nitrogen (and sulfur) they consist of, but only certain integral characteristics of amino acid components and this prism should necessarily “refract” all individual properties of atoms if they have any biological value. This phenomenon confirms the importance of the geometry of macromolecules for the space-time of living substance. It is right at the level of atomic compounds, or rather a special kind of compounds, that the substantial (fundamental) basis of the second stage of the universe – complex functionality of macromolecules – is hidden. Living substance is the product of the evolution of macromolecules.
8. Once in the space-time of living substance, the simple, one-level, “material” atomistics of physics and chemistry of inert substance is essentially enriched and gets more developed differentiated form: the structures of the organic world known nowadays concern at least two correlated with each other levels of atomistic organizations. One of them is the material level of folded amino acid sequences, proteins, i.e. material carriers of life phenomena, which are known so far. The other level has an information, potential nature: it contains the in a specail way coded discrete description of all possible future states of a “substantial” protein level. It is the level of the possible, potential, as it were, future: its nucleotide structures contain exact “designs” (sequences of amino acids) of all proteins synthesized by a certain organism (and they determine all its possible reactions to diferent external influences from bacteria or viruses invasion to mechanical injuries). Thus the second, information level of living substance also has articulate atomistic nature: nucleic acids of animals and plants are also built in a helical way, as folded linear sequences of standard “brick”-proteins [3].
The two-level atomistic organization of living substance testifies to the complication of matter and the hierarchy of the universe: a primary level is a simpler, one-level atomistic organization of inert substance and its basic characteristic is the physical and chemical formation of substance. The secondary level is a complicated the two-level organization of living matter capable of complex nonlinear functioning. It is possible that this second, informational level is the main cause of a birth of an absolutely new state of substance – living substance.
9. The unique role in the organization of living substance belongs to water. As biological solvent, water has the following properties that are important for the formation and development of life: а) an amphoteric character and ability to self-dissociation into cation (Н +) and anion (OH -); b) a high dipole moment and a dielectric constant; c) small viscosity; d) high thermal capacity and the concealed heat of transformation, which protects organisms from rapid changes of temperature. Besides, the role of water in biological systems includes those factors of stabilization of macromolecules, which are provided by the general structural features of water [32]. So, I think, water should be considered as the basic condition of the development of the structural organizations of life.
10. Living substance comes into being mainly as a result of the act of division and also of birth, which is more complicated process in comparison with division. As a result of birth, on the one hand, the information about an external world and the rules of behavior in it is transmitted to a new generation and, on the other hand, the fact of birth activates hereditary programmes, which form a biological organism and allow it to exist in conditions of an external environment.
11. The region of expansion of living substance on any material object is restricted. V. Vernadsky called this region on the Earth the biosphere [14]. In the biosphere living substance is presented, first, by living organisms, i.e. the natural bodies, which have autarkic​[19]​ volume, secondly, by a field of life, which embraces both the environment of universal gravitation, and a microscopic section of the world where forces of gravitation are of secondary importance.
The biosphere as the region of existence and functioning of living organisms, embraces the lower part of the atmosphere (aerobiosphere), all hydrosphere (hydrobiosphere), a surface of the lithosphere (terrabiosphere) and the top layers of the lithosphere (lithobiosphere). Above and near the biosphere there are layers where living substance gets only casually (parabiosphere​[20]​ and metabioshere​[21]​), and further – a layer, where living does not get even casually – apobiosphere​[22]​ and abiosphere​[23]​. The overall thickness of the biosphere is estimated at present 12-17 km (sometimes a little more or less): no more than 5-6 km (as a rule, 2-3 km) deep into the litosphere, to the bottom of world ocean and up to 6-7 kms above the surface of the Earth [38].
From a cosmological point of view there are no essential defferences between the existence spheres of living substance on various material objects. The substantial identity of “biospheres” is determined by the identity of conditions of their formation. All the stages of transition of inert substance into living are similar on any material object. This empirical generalization indicates the universality of laws of the organization and development of living substance on any material object with favourable for life conditions of external environment. Therefore, biospheres of the Earth and, say, of some planet X will differ only in two key parameters: а) time of evolution (i.e. in counting out of time from the beginning of the development of living substance); b) individual forms.
12. One of the important characteristics of living substance is a size. It ranges from the combinations of big molecules of chemical compounds (10-6) to huge representatives of flora (104)​[24]​. The minimal size of a living natural body is determined by respiration, mainly, by the gas biogenic migration of atoms (in accordance with E. Snyadetsky's principle and Lodschmidt’s number), and maximal by the possibility of the centralized control of an organism. The difference is 1010.
13. Curie’s principle naturally leads Redy’s principle, which asserts that the living originates only from the living and there is an insurmountable line between living and nonliving substances (which means the impossibility of abiogenesis). Redy’s principle determines and regulates the formation of organisms in the biosphere. The origin of the living from the living is the manifestation of Paster’s dissymmetry for there is no other way of creation in the biosphere of the rightness-leftness adequate to Paster’s dissymmetry [14].
14. Another logical conclusion, which foolows from Curie’s principle is that phenomena, characteristic of life, are irreciprocal in time as the space of a living organism in conditions of Paster’s dissymmetry can have only polar vectors what will be for it a vector of time [14].
15. If the vector of time of the space-time of inert substance is a vector of astronomical time and is measured by hundred million years, then the vector of time of living substance shows itself in aspect of geological time and is measured by million years. Also the difference is that astronomical time is a vector, which penetrates space of the universe whereas geological time is a magnitude, which measures the term of the formation and development of a separate material object and the evolution of living substance on it. 
16. The number of the basic monomeric molecules, which determine the biochemical constitution of any structure of living substance, is limited, which allowes to speak about the existence of a certain alphabet of monomers. The “alphabet” of biological chemistry includes: а) glucose – the basic product of photosynthesis and the main source of metabolic energy and hydrogen; b) fats – the basic form of preservation of energy; c) phosphatides, which have surprising ability to form various structures (for example, the mechanism of circulation of lipids in water environment); d) 20 amino acids of, which all proteins including all enzymes are built; e) five nitrogenous bases (adenine, guanin, cytosine, uracil, thymine), which together with ribose or its derivative desoxyribose, and also with phosphoric acid form all nucleic acids – RNA and DNA.
All the fundamental processes in system of life are connected with these 29 molecules: the synthesis of proteins and the structure of nucleic acids, the coding of genetic information, the structure of enzymes, and the composition and basic properties of cellular structures. It opens the way to understanding of the most complicated processes of the metabolism of energy in nature, the laws of the organization and functioning of living substance. And the wonderful thing is that this “alphabet” of biological chemistry is a litlle larger than the alphabet of the English [11].
17. As it was already mentioned, the region accessible for organisms is limited: no more than 5-6 km deep into the lithosphere and up to 6-7 kms above the surface of the Earth. Hence, the existence of living substance (mass of life) on our planet is also limited. This is a constant magnitude (with certain fluctuations) during geological time. According to V. Voitkevich, the total mass of living substance amounts to 2423 billion tons [17]​[25]​.
18. In contrast to inert substance, living substance of the Earth is uniform from physical and chemical point of view. Despite of all the differences, living organisms are so similar from physical and chemical point of view that none of them can be absolutely indifferent to something hazardous to other ones (only resistance to hazardous factor can differ).
19. The distinctive feature of life is the process of metabolism, which consists of the following main phases: the uptake of substances from environment, the absorption of substances, the metabolization of substances and the elimination of waste products. The metabolism in organisms takes place with the help of enzymes that, affecting the substances being absorbed, change them (decompose them or put them together) but remain unchanged.
20. The Redy’s principle in the biosphere reveals itself in the expansion of organisms by reproduction. There is no place for abiogenesis (i.e. creation of the living from the nonliving) in the time-space of living substance. The expansion results in the biogenic migration of atoms in the biosphere and is accompanied by significant emission of free (bio-geo-chemical) energy that reveals itself in geological time [14].
The biogenic migrations of the biosphere differ from the migrations of chemical elements of inert substance. This phenomenon becomes evident when astronomical and geological times are compared. The fastest reproduction takes place in the microscopic section of the world. In this sense the rule of E. Snyadetsky is applicable to nature: the speed of reproduction is inversely proportional to the size of an organism. Bacteria Vibrio cholerae, for instance, when they are in favorable conditions, can inhabit our planet within 1.25 days; infusoria Leucophrus patula – no more than 10.6 days; insects Aphis mali – 392 days [14].
21. One of the main propoties of living creatures is their ability to growth, i.e. irreversible life-long mass increase at the expense of the environmental substances. This feature is a direct result of organism’s being an open system. Only in open systems the speed of reaction in one direction naturally exceeds the speed of reaction in the other direction [30]. Moreover, an open system is characterized by continuous supply of environmental substances into the system that is somehow enclosed from such environment and also by further excretion from this system of the created in it chemical compounds. Therefore, the stability of such open system’s properties is characterized not by the thermodynamic equilibrium (as in closed systems), but by reaching a stationary state that is characterized by constant speed of chemical changes and diffusion of substances in the system. The thermodynamic equilibrium and the stationary state are similar in that in both cases the system maintains its properties constant, while the main difference is that in case of the thermodynamic equilibrium no change in free energy is observed (dF=0), whereas in the stationary state free energy change is a continuous process with constant speed (dF=const). Thus the stationary state is constant not because free energy is at a minimum (as during crystallization, for instance), but because the system continuously uptakes amounts of energy from the external environment necessary to compensate for energy losses in the system [32].
22. All structures of living substance of the Earth, without exception, are characterized by irritability. Generally speaking, it means that external and internal influences evoke certain discharges in an organism that induce an organism to act. Besides, there is quantitative discrepancy between energy required to propagate irritation and work, which constitutes the reaction of an organism to such irritation. A gentle touch, for instance, is enough to make an organism crawl or change its position. The energy necessary for it is organism’s own energy.
23. An essential parameter of a living being is its capability to self-reproduction. The key point in this phenomenon is that “when uptaking chemically alien elements from the external environment, organisms turn them into substances similar to those they have already had. The constancy of the formation of substances peculiar to an organism reflects some inherent in him order of exchange reactions leading to new formation of substances” [30, 157]. The capability to self-reproduction is a basis of heredity. Heredity is the fixed history of all previous generations. That is why the higher is the position of a living being in the evolutionary ladder, the longer is the way of phylogenetic development it had to go and the more complicated are hereditary programmes.
24. The energy supply of an organism is also of peculiar character. Energy in living bodies results from exothermic reactions and is used by way of: а) active uptake of substances from the external environment; b) new formation of constituent components of protoplasm; c) body’s growth and reproduction of organisms; d) arising in them osmotic, electrical and even light phenomena. “This transformation of exchange chemical energy into its other forms is especially manifested in mechanical motion, i.e. in the ability of organisms to move in space” [30, 159]. There are four types of biological locomotion: amoeboid, ciliary, flagellar and muscular.
25. A necessary condition of life is the utilization of light energy since other energy sources have much smaller power.
26. In connection with the great volume of biogeochemical energy living substance is presented in the biosphere by millions of natural biogenic bodies – species of organisms, and also by million million chemical compounds biochemically formed. Inert substance is presented no more than by 2-3 thousand minerals and respective chemical compounds.
27. Another peculiarity of the space-time of life is the integrity of a living organism. Speaking figuratively, the integrity of a living organism is, most likely, special, quantum-mechanic integrity of its molecules “extended” up to all its macroscopic structures due to the special multylevel organization system inherent in it. It is impossible to arbitrarily distinguish subsets in alive protein molecules: if we, for example, try to fix limits of a subset so that it contained only one atom of hydrogen (or carbon, nitrogen), we will at once leave – in this subset – the region of the living and get to the region of pure chemistry. Thus at the molecular-genetic level of living substance there appears new, unusual, physical topology [3].
28. The scheme of initial biogenesis (i.e. the development of life) is also a distinguishing parameter of the space-time of living substance. The general path of the evolution of life is through: 1) self-regulation in the formation of macromolecules; 2) self-assembly of these molecules and 3) self-reproduction of the formed microsystem. The scheme of biogenesisis supposed to include the following stages (fig. 4).
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Fig. 4. The scheme of the basic stages of molecular evolution and the origin of life (according to S. Fox) [47].

This scheme is simplified and represents only a probable sequence of the stages of the development of life. Nevertheless, it indicates clearly enough the discrepancy of the stages of the evolution of living substance with the development of inert substance.
29. In the system of living substance of the Earth eight levels of organization are now distinguished [18] (fig. 5):
1)	Molecular-genetic – the initial level of biologically active big molecules: proteins, nucleic acids, carbohydrates. Here the properties characteristic only of living matter are observed: metabolism occurring during transformation of radiant and chemical energy, transfer of hereditary features with the help of the coded structures (DNA, RNA). This level is characterized by stability of structures in generations.
2)	Cellular – the level where biologically active molecules are combined in a single system. As to the cellular organization all organisms are subdivided into unicellular and multicellular.
3)	Tissue – the level where a combination of uniform cells forms a tissue. It is a collection of cells combined by common origin and functions.
4)	Level of organs – the level of the interaction of several types of tissues, which leads to the formation of an organ.
5)	Ontogenetic (organismic) – the level where the interplay between a number of organs forms a single system of an individual organism. The ontogenetic level is presented by certain types of organisms.
6)	Species – the level of a collection of certain uniform organisms of common origin, mode of life and habitat. 
7)	Biomes and geobiomes (биогеоценоз) – a higher level of the organization of living matter, which includes different organisms of various species. In geobiome they interact between themselves at a certain level of the terrestrial surface characterized by uniform abiotic factors. The basic elementary phenomena – is a transition of geobiome from one steady state to another.
8)	Biospheric – the level of the general system of nature, which comprises all life phenomena of our planet. At this level all the circulations of substance on our planet connected with vital activity of organisms.
In this connection the analysis of the characteristics of the fundamental levels of inert and living substance (fig. 2 and 5) is of interest. It is here that the substantial difference between two states of substance is concealed. And the transitional link between the atomic basis of inert substance and biopolymeric structure of living substance is bioinert substance.




















Fig. 5. The hierarchical structure of the system of living substance (the world of nature).

Biogeochemical cycles in the biosphere are not closed, though the degree of reversibility of year cycles of major biogenic elements reaches 95-98 %. Incomplete reversibility (unclosedness) is one of the major properties of biogeochemical cycles of planetary importance. For all the time of development of the biosphere (3,5-3,8 billion years) the portion of substance, leaving the biospherical cycle (ten or hundred to several thousand years) for the geological cycle (millions of years), has determined the biogenic accumulation of oxygen and nitrogen in the atmosphere and various chemical elements and compounds within the Earth's crust. The biogeochemical cycle of carbon is especially significant in this connection. Nearly 130 tons of carbon leave (“are thrown out of”) annually the biospheric biogeochemical cycle of terraneous ecosystems for geological cycle, which makes only 10-7 – 10-8 % of carbon stores, circulating in the modern biosphere. Since the Cambrian and till now, due to incomplete reversibility of the carbon cycle in mineral deposits the huge stores of carbonaceous deposits (chalkstone, bitumen, coal, petroleum etc.) estimated at 10-16 – 10-17 tons [12] have accumulated.
Thus living substance is the new stage of the universe different from inert substance by complex functionality of biopolymeric compounds.
15. During the further evolution of substance the most advanced forms of living substance began to get new characteristics that are not inherent in the structures of living matter. The formation and development of a transitional form between living and intelligent substance – biointelligent substance began. As it was mentioned above, I had been unwilling to accept this term for a long time. The term Primitive Man seemed to me more acceptable, as it combined the early forms of the modern man and implied the history of Homo sapiens formation.
However the bounderies of the transitional period were considerably extended by more detailed researches, which we will have a look at later. And so the term “Primitive Man”, which I had used for the transitional period between living and intelligent substance, failed to include the full contents of the transitional form of matter. That is why I introduced the term “biointelligent substance”, using as a model Vernadsky’s definition of bioinert substance. Biointelligent substance is the transitional form of substance between living and intelligent substance. This is the fourth global space-time​[26]​ in the structure of the universe. The essential feature of the space-time of biointelligent substance is the process of cefalisation, which was defined for the first time by american professor J. Dana. It indicates the new qualitative property of substance – its ability to association. The fourth stage of the universe is connected with the development based on complex functionality of substance and its associative ability. The substance for the first time not only became self-developing, self-reproductive etc. (i. e. functional in a complex manner). It gained the new property – ability to active work with information environment. The external world turned for biointelligent substance into information with, which substance began to actively interact: to accept, process, preserve, extract it. This is what the new associative property of substance consists of, which began to form at the fourth stage of the universe and is embodied in the third state of substance – intelligent substance.
16. Before we consider the space-time of biointelligent substance, I would like to explain such an important point as the relation between “parental” and “filial” states of substance, and its consequences [8]​[27]​. Any state of substance reveals three phases in its development: childhood (formation), youth (development) and maturity (becoming). The phase of childhood is the period of the formation of a new state of substance, of birth of the space-time of substance. Youth is the phase of the formation of the system of a new state of substance. It is during this phase that the preconditions of the formation within the developing system of space-time of a new state of substance (a filial state). And maturity is the moment of birth of the new, filial state of substance and the formation of interrelation between parental and filial systems. For example, the space-time of living substance on the Earth is now in the phase of maturity, whereas the space-time of intelligent substance is in the phase of youth. Each phase lasts about two billions years (fig. 1). Therefore, we can only surmise what are the prospects of human society, which embodies intelligent substance on the Earth, supposing that it has just entered the phase of youth​[28]​ .
The relation between parental and filial states of substance are regulated by a group of universal laws. These laws were partly desribed in my book “The Essense of Human Life” [8]. We will formulate them more precisely.
The first law: a parental state of substance influences a filial state through complex changes in its system. For example, living substance is influenced not by changes at the fundamental level of inert substance, but transformations in the abiogenous environment as a whole, though, of course, the abiogenous environment is directly influenced by fundamental levels of inert substance. In other words, the influence of a parental state on a filial state occurs but indirectly, through the established system.
The second law: between fundamental levels of parental and filial states of substance there is no direct connection. It is broken in the process of annihilation of a transitional form (for example, bioinert substance). Therefore, the influence of a parental state on a filial state has a correlative character.
The third law: a parental state of substance influences a filial state mainly through a fundamental level of a filial system. For example, inert substance influences biological organisms mainly through the molecular-genetical level (the fundamental level of living substance).
The fourth law: a filial system influences a parental system through the established organizational structure – the system, or through its basic components. For example, living substance influences inert substance through the biosphere or geobiomes, intelligent substance – through the noosphere and macrosocial groups. At the same time the influence of a filial system is directed not at a fundamental level of a parental state of substance, but at its subsequent levels of organization. For example: the biosphere of the Earth does not influence the fundamental laws of the organization of the system of inert substance (universe), but only the individual laws of the organization of the particular material object – the Earth. 
The fifth law: from the fourth rule it follows that the influence of a filial system on a parental system does not result in cardinal changes in the parental system, since any radical changes in a parental system are equivalent to destruction of a filial system. That is, as soon as the influence of human society on the biosphere of the planet endangers the existence of the fundamental level of the system of living substance, it will cause its asymmetry, or rather dissymetry, which will result in destruction of intelligent substance. The change of the molecular-genetical level entails the destruction of the level of mentality.
Reviewing the evolution of the space-time of states of matter, we also find another law: the evolution of the material world occurrs unevenly. Between the spaces of states of matter we know there are transitional periods, which, on the one hand, bind the evolution of the space-time of matter in one continuous chain of events and, on the other hand, move matter in certain time intervals to higher levels of intrinsic organization, into new global space-time. This does not mean that a parental state of matter degrades. It still continues to evolve, but the region of its development, from the point view of a filial state of matter, is below and accordingly in many parameters depends on the influence of a space-time of a filial state of matter, which because of the perfection of intrinsic organization dominates over a parental state. For example, after having become the parental system for intelligent substance, the space-time of living substance still continues to evolve, but the process of the evolution of the world of nature is strongly influenced by the processes occurring in the filial state of substance, i.е. in human society.
Thus, we arrive at the conclusion that substance in the universe evolves because of nonequilibrium inhereht in the space-time structure of matter. By now science knows three states of substance: inert, living and intelligent substances, and also two transitional forms: bioinert and biointelligent substances. We can not exclude that in the material world exist other, more advanced states of matter. Each state of matter has inherent in it space-time, which evolves according to the evolution of substance. The spaces of different states of matter interact by means of migration of atoms [14].
Maturity is the most interesting phase as concerns our study. It is right at this phasee, in my opinion, any state of matter undergoes significant structural changes under the influence of internal and external processes. Their essence consists in the increasing influence on a system of any state of matter of the second after the fundamental one level. As I think, ot makes sense to distinguish the second level in the structure of any state of matter because of the convergence in it of the two directions of evolutionary process. The first direction is the evolution from within, from a fundamental level, which manifests itself, first of all, in the changes at the second level of the organization of substance, energy and information. The second direction is the evolutionary influence from the outside (of external factors), which is also concentrated at the second level of the parental state of matter, since the fundamental level is not subject to the influence of the external environment​[29]​. For example, the dissymitry and other characteristics of macromolecules of living substance were the consequence of radical transformations at the level of interstellar galactic gas, which under internal and external influence had changed its substantial basis from micromolecules of inert substance to the first macromolecules of bioinert substance. Thus the second level is, so to say, “budded off” the parental state and turned into an independent self-sufficient transitional form. Subsequently, as a result of further evolutionary changes this transitional form turns into the foundation of the new qualitative (also structural) organization of matter. Micromolecules of inert substance are transformed into macromolecules of bioinert substance, and then – into biopolymers of life. The level of biopolymers becomes the fundamental level of the second state of matter, living substance, which subsequently becomes the foundation of the system of life. Accordingly, inert substance (its second level of organization) presents the parental state for the existence of life. So any state of matter at the last stage of its development (maturity) becomes parental in relation to a subsequent state of matter.
This statement leads to two important for us conclusions: 1) any state of matter, which has reached the phase of maturity, creates conditions for the birth of the following state of matter; 2) the most part of the phase of maturity of the parental state is occupied by the transitional period between parental and filial states, i.e. the process of creating conditions for their further coexistence.
Thus since the Cambrian and up to the present time we should talk not only of the flourishing of the system of life, the fact of its maturity as the established state of matter​[30]​, but also of the birth on its basis of a transitional form to the new state of matter – biointelligent substance. Оparin, Calvin and others indicated the formation in advanced structures of inert substance of a transitional form with considerably new substantial preconditions; the important moment concerning the system of life is the transitional form to a new state of matter, which lasted hundred million years. This means that we should discover in nature what is inherent in it substantially and contradictory at the same time. The first to note such characteristic in nature was J. Dana who indicated that indisputable fact that during many million years the continuous development of nervous system occurs in a nature from elementary amphibious and to higher animals. He called it the process of cefalisation.
17. Thus we come to the conclusion that the evolutionary transition from the world of nature to the world of intelligence, i.e. the space-time of biointelligent substance, is based on Dana’s process of cefalisation. And this theory was restored to life by V. Vernadsky in the early XX century. This statement in its contents and irrefutable demonstrative base is equivalent​[31]​ to a law. Giving due to the merits of the American professor, I called it the Law of Dana. This law says that the processes of the organization, development and interaction of the space-time of intelligent substance are based on the evolutionary changes in neurons, intraneuron and interneuron junctions.
The introduction of the Dana’s law into scientific usage necessarily means radically new understanding of a number of important provisions. First, it concerns the history of the originating of intelligent substance. It begins not with the first hominids, but much earlier – with the Cambrian (i.e. not 2 million years ago, but 570 million years ago). This, certainly, does not mean half of billion years of the history of mankind. By this we mean the history of development of biointelligent substance, the transitional period between living and intelligent substances. The first hominids were preceded by long process comparable with cosmological terms , which created conditions for the radical transition of one state of matter into another, a parental state into a filial state. Hence, the thourough understanding of the processes of formation, development and interaction of human mentality is possible only on the way of the relevant analysis of the development of nervous system from fishes and amphibious. It is this unidirectional connection: from fishes to humans, – that opens the colossal scale of theevolution of a new state of matter.
Secondly, we mean the modern systematization of biological organisms. Nowadays the system of living substance is usually understood as a collection of three worlds: the world of microorganisms, flora and fauna. The most part of the world of fauna are the representatives of fishes, amphibious, reptiles, birds and mammals. The collection of these superclasses, according to modern science, forms the usual world of biological organisms.
But in the light of the suggested conception the system of nature as such reaches in its perfection only the superclass of insects. The system of living substance includes a diversity of organisms from bacteria and insects. Within these boundaries all the forms of living substance are concentrated. All other superclasses are the representatives of biointelligent substance, i.e. forms created by the evolution of the new state of substance. In my view, after reaching maturity living substance stimulated the development of new (“filial”) qualitative forms. In many parameters they are subordinated to the laws of the organization of living substance. But in their substantial basis they had the new important component – the evolution of neocellular complex – nervous system. From fishes to mammals we see the perfection of nervous system together with the development of cellular structures. It gradually escapes the control of the molecular-genetic level and takes up responsibility for the complex work of an organism. With each step of evolution it gradually takes control of an organism. It slowly takes the dominating position and is, thus, “budded off” the secondary cellular level. We can even assert that multicellular organisms are the consequence of the development of nervous system. Nervous system is a conductor and without it any multicellular organism loses its integrity and destroys itself. Therefore, the development of multicellular organisms became possible only after achieving the necessary perfection of neuron complexes. Thus higher animals are also the consequence of development of nervous system.
Taking into account results of the above mentioned transformations, the level of nervous system in the space-time of biointelligent substance cannot be considered a secondary level, because the whole cellular level is subordinated to it. It is controlled and functionally predetermined by nervous system. And the hihger is the contrilling and determining position of nervous system, the higher is the degree of development of the transitive, biointelligent form of matter. Final rejection of the determining gene (hereditary) information marks the birth of the filial state of matter. From this moment on nervous system (neuron complexes of the brain) begins to play the determining, fundamental role in relation to all other levels of organization. We speak about the dominance of new layers of the brain over the macromolecular structure of substance and about the birth of the new, intelligent state of substance, which is based on the level of neurons, intraneuron and interneuron junctions in frontal regiones of the brain. Now it is not the level of moleculas and genes that determines the development of the proper structures of substance. The new state of substance is headed by the complex work of the new neuron associations comprising neuron, tissue and organ levels. This integrated in a single foundation neuron layer, this organ, was called mentality in science. Evolving mentality, as an integral organ (“organism inside organism”), began to dictate the conditions in the development of all subsequent levels and, accordingly, to induce their qualitative changes. There is no the slightest similarity between the hierarchy of levels of the system of life and intelligence. And it is so because these two states of substance are based on substantially different two factors: the specific organization of biopolymers (living substance) and the presence of neurons, intraneuron and interneuron junctions (intelligent substance).
Thirdly, we need a new definition of the initial level of the development of biointelligent substance. The Dana’s law unambiguously indicates that biointelligent substance became possible as a result of certain bifurcation of evolution: the evolution of living substance proceeded by way of development of cell structure (cellular organellas) and their further derivatives, whereas the evolution of biointelligent substance occurred by means of complication of neurons, neuron complexes and their connections. The “budding off” occurred at the second level of the structural organization of living substance. The self-sufficient complex of nervous cells branched off the cellular level. Not fatty, smooth muscle or any other type of cells (fig. 6), but neurons (nervous cells) become the basis of the transitional form of substance – biointelligent substance. To put it briefly, the complexes of neurons of the spinal cord and especially of the brain formed a bifurcational zone, which separated the most advanced representatives of living matter – insects, from biointelligent forms – higher animals.
Fourthly, we need to modify our understanding of conditioned and unconditioned stimulating of reflexes of organisms. Thanks to I.P. Pavlov's researches, it was established that unconditioned reflexes are relatively constant, hereditary, fixed reactions of an organism to certain influences of the external world conducted by nervous system. In turn, conditioned reflexes are reflexes developed in certain conditions during life of an animal or a human. They are formed on the basis of unconditioned reflexes [13]. Modern science ascribes unconditioned and conditioned reflexes to biological organisms (and even to peoples) and so destorts the true understanding of this question.
In my view, unconditioned reflexes are the result of the evolution of living matter. The alpha and omega of unconditioned reflexes are gene mechanisms, which work at the fundamental level of living substance. For it is the hereditary programming of “behavior” of living organisms in material environment underlies the organization of living matter. Such notion as information is inapplicable to living substance, because living organisms are, roughly speaking, the mechanisms programmed for this or that activity​[32]​. All unconditioned reflex activity is a complex of programmes, which work in response to external stimuli. For living mechanisms the external world is not information, but the field of realization of programme behaviour. Any representative of the system of living substance including its higher forms, i.e. insects, is a more or less complex programmed mechanism.
Quite the other way around when the space-time of biointelligent substance is in question. It is here, in the process of the development of neuron complexes we for the first time come across a radically new principle of interaction of organisms with the external environment. The representatives of biointelligent substance are not puppets of hereditary programmes. For the first time, on the basis of developing nervous system, the first sprouts of independent, active work with the external world formed. The representatives of biointelligent substance, multicellular organisms (from fishes to mammals), show conditioned reflex activity. Conditioned reflexes are essentially new forms of programmes, which connect the basic (hereditary) programmes with the independent external environment. Here we can for the first time use the term “information”. In fact, higher animals (representatives of biointelligent substance) perceive the external world information, which activates hereditary programmes by means of programmes acquired during ontogeny. So the space-time of living substance is the action of unconditioned reflexes, which programme the behaviour of the representatives of life in the external environment. Thus the space-time of biointelligent substance is the action of conditioned reflexes, which organize more free (more independent) interaction between biological organisms and the external environment.
To sum up, the initial (fundamental) sphere of transformations of biointelligent substance is the region of development of nervous system, which for the first time develops the new property of substance – active association. Accordingly, we should begin to consider biointelligent substance with this determinant level. 
18. The transitional period from living to intelligent substance lasted from the Cambrian to the first hominids, i.e. for about 570 million years. We will consider the essential features of development of the space-time of biointelligent substance.
First: The first feature of the space-time of biointelligent substance is its initial organization. Inert substance appears at the level of cosmic rays and is embodied in the atomic structure of matter (fig. 2). Bioinert substance is represented by the level of macromolecules, and living substance – by molecular-genetic level (biopolymers). Finally, the initial, determinant level of the organization of biointelligent substance is the cellular level, geometrical space-time of a cell.
A cell is the most elementary unit in the organization of biointelligent substance capable of independent and steady reproduction as a single whole. Neither huge protein moleculas, nor the longest circuits of nucleic acids can not themselves form a structure capable of independent self-reproduction. Such property is characteristic only of intricate integrated complexes, organic cells [3]. A cell can exist both as a separate organism (bacteria, protoxoa, some seaweed and fungi) and in the structure of tissues of multicellular animals, plants, fungi. Only viruses belong to noncellular forms of life. In biological, evolutionary aspect the cell is the historically developed, indivisible, the most elementary and at the same time the most complex living system [12, 28].
A typical cell consists of a nucleus (with nucleolus and chromatin) and the cytoplasm surrounded by membranes. In cytoplasm there are ribosomes, Golgi apparatus, mitochondria, lysosomes and endoplasmic reticulum. The nucleus and chromosomes in it store genetic information. Mitochondria provide a cell with energy. Ribosomes synthesize proteins. Lysosomes are a highly specialized intracellular digestive and defense system of a cell, which performs sanitary functions [28].




   Fig. 6. Polymorphism of a cell structure: 1 – megacaryocyte of the bone marrow; 2 – neutrophil leukocyte (above) and erythrocyte (below); 3 – a cell of the vibrating epithelium; 4 – a plasmatic cell; 5 – a smooth-muscle cell; 6 – a lipoblast; 7 – a nervous cell; 8 – mastocyte [28].

Thus a hypothetical minimal organic system capable of self-reproduction in the nonliving environment should have at least 50-100 various types of protein molecules with molecular weight of several tens, or even hundreds of thousands located in some volume so that the relevant biochemical reactions do not “disturb” each other. It is interesting to note that most small of the cells we know and capable to grow independently in nonliving nature – so-called microbes of the group microplasms – have the size, which only two times exceeds the diameter of the supposed minimal protein-nucleotide system. However, they ten times less than an average bacterium, 100 times less than a tissue cell of a mammal and 1000 times less than such protozoa as an amoeba. Thus most of living cells have the linear geometrical dimensions manifold exceeding those minimally necessary to contain all the mechanisms of self-reproduction [3].
The genome of all cells of an organism does not differ in its the potential information from a genome of a fertilized ovum. The differences in properties of a cell of the multicellular organism are caused by unequal activity of genes that makes for unequal differentiation of cells, which results in that some cells become excitable (nervous), whereas others produce contractable proteins, which form myofibrils (muscular), still others begin to synthesize digestive enzymes or hormones (glands) and so on. Many cells are semi-functional, for example, the cells of the liver synthesize various proteins of the blood plasma and bile, accumulate glycogen and transform it into glucose, oxidize alien substances (including many drugs). The genes of general-cellular functions are acive in all cells and, thus, there are much more similar than specific features in different cells. The cells similar in origin and functions form tissues [12].
Alongside with cells there are also noncellular structures in the organism – interstitial fluid and fibres. The cellular structures can have simplified (erythrocytes, platelets) or complicated (striated muscle fibres, neurons) constitution [28].
Thus the cellular level became determinant for biointelligent substance and dominant in many organizational processes.
Second: The peculiarity of the space-time of biointelligent substance (as also of any other transitional form between parental and filial states of substance) is the uncertainty of the initial, fundamental level. It was already mentioned that the fundamental level of biointelligent substance is the cellular level. And so the uncertainty of this determinant level consists in that on the one hand, it continues to develop within the parental system and, on the other, here the processes of reorganization begin that result in consequences not characteristic for the structures of living substance in ontogeny. So the cellular level of bioinert substance during all 570 million years of the transitional period developed also within the system of living substance, thus organizing the usual for our understanding hierarchy of life (fig. 5), and was the initial level for the organization of new structures, which only in part “suite” the system of life. Basically they formed their own specific conditions of existence. All biological organisms were such structures from fishes to mammals. If we compare the main moments of the organization of their existence to insects (the higher representatives of living substance), we will hardly find something in common between them. Nevertheless, such common features exist and right here the cause and ways of the transition of living substance into biointelligent substance are to sought. If the phases of the transition of inert into living substance remained in the distant past, they are concealed from us by many centuries of geological history of the Earth, we are still able to trace the transition from living to intelligent substance, as a lot of transitional forms still exist or at least are preserved in paleontologic annals of our planet. Though in some tens of millenia they will irretrievably disappear for the explorer, as well as the earlier transitional forms.
Third: The peculiarity of development of the cellular level of biointelligent substance was the fact that it underlied the formation of cells with essentially new functional parameters – neurons. These functional parameters complicated the interaction of a cell with the external environment and raised it to the qualitatively new level of perfection – information interaction. We can not assert that the neuron (nervous cell) is absent in the structures of living substance. It is present in all possible formations of the cellular level (fig. 6). However, in the structures of living substance the neuron is a part of the complex mechanism of realization of hereditary programmes together with other cells.
It is quite the other way around when substance reaches to the following stage of perfection – the state of biointelligent space-time. Here the neuron begins to play the leading role among all cellular formations. Now it is a “conductor”, which is at the head of a huge, discordant cellular collective. Therefore, the roles of the neuron in living and biointelligent substance are quite incomparable. They are principally different.
According to modern views, the neuron (from Greek “neuron” – vein, nerve) is a nervous cell, which is the basic structural and functional unit of nervous system with specific property of excitability. The neuron is capable to accept signals, to turn them into nervous impulses and to propagate them to the nerve terminals whicn contacting to other neurons or effector organs: muscles, glandes etc. Neurons form during embryogeny of a neuroblast at the stage of a neurotubule. The main structural feature of the neuron is the presence of processes (the dendrites and the axon), which grow out of the cell body. The highky branched dendrites supplied with receptor membrane receive signals from other neurons as well as other parts of the body. As a result of summation of local of excitatory and inhibitory processes in the most excitable (trigger) zone of the neuron the nervous impulses are formed. They are propagated along the axon to the nerve terminals where a neurotransmitter is released, which results in the activation of he membrane of nervous cells receiveng impulses. Neurons have various form (pyramidal, polygonal, round and oval), size (from 5 microns to 150 microns) and a number of processes. By a quantity of processes there are unipolar, pseudo-unipolar, bipolar and multipolar neurons. Unipolar neurons have 1 process – the axon and are characteristic of ganglions​[33]​ of invertebrates. Pseudo-unipolar neurons have one process, which is divided into two branches. They are characteristic of ganglions of spinal and cranial nerves of higher vertebrates. Bipolar neurons have the axon and the dendrite, and form peripheral sensitive neuron complexes. Multipolar neurons have the axon and some dendrites. They form the brain of the vertebrates. The invertebrates have mainly unipolar neurons, whereas the vertebrates have mainly hetero- and multipolar neurons [12].
According to their functions, neurons are divided into sensory, which receive signals from the external or internal environment, associative, which link neurons with each other, and motor, which transmit nervous impulses from neurons to effector organs. Consecutive synaptic combination of sensitive, associative and motor neurons forms a reflex arc. According to character of influence of neurons on cells there are excitatory and inhibitory neurons [12]. We can hepothetically surmise that the structural organization of neurons developed from simple motor to sensory neurons. 








Fig. 7. Structure of a neuron [28].

Thus the third feature of the space-time of biointelligent substance was the appearance (alongside with cellular structures) of neurons with different levels of organization and development. Comparing the structure of the cell and the neuron, we clearly see that the cell and the neurin are the two structural units of two states of matter – of living and biointelligent substances. It is here that the substantial difference between two states of substance is concealed. In the early XXth century the whole potential of science was directed on the difference between moleculas and biomoleculas and between the inorganic world and life. Similarly, in my opinion, in the beginning of the third millenium we need the fundamental studies of substantial differences between the cell and the neuron. As soon as we can explain the transformation of the cell into the neuron (even in the degree we understand the tranformation of macromolecules into biopolymers), we will come nearer to understanding of the transition from living substance to biointelligent substance.
Fourth: The next feature of the space-time of biointelligent substance is the organization of interneuron junctions. This question needs to be studied very seriously. The matter is that the work of neurons occurs not in a differentiative manner, but in a complex (consolidated) manner. Neurons are integrated in combinations, and these combinations perform this or that important for an organism function. For example, the thalamic nuclei of the brain, reticular formation etc. These organizations of the brain are the combinations of a lot of various neurons and their complex work forms required functional activity. “...Each range of a new cortex having its own cytoarchitectonic and function, has also specific external connections, i. е. Its own organization of thalamic, cortico-cortical, interhemispheric and long descending links” [50, 23]. And it is typical not only of a new cortex, but also of all levels of the organization of neurons. In the course of evolution neurons form combinations and thus develop neuron connections. In every new generation of neurons necessarily there is a renewed structure of interneuron junctions. This is the first axiom of the organization of the fundamental level of biointelligent substance.
Secondly, interneuron junctions are based on specialized functional contacts – synapses (from Greek “synapsis” – bond, connection), which serve for transmittal and transformation of nervous impulses. The development of synapses takes the central place in the evolution of interneuron junctions. Synaptic junction is the main mechanism of interneuron interplay. It is one of the most essential structurally functional elements of the brain and it provides all basic exhibitings of activity of nervous system. A synapse is devided into a presynaptic part (usually the terminal of a presynaptic axon), a synaptic cleft (space dividing membranes of contacting cells) and a postsynaptic part (a part of a cell, which contacts to a presynaptic nerve). The interneuron synapse formed mainly by the axon terminal of one neuron and a body, dendrite or axon of another, are called respectively axon-body, axon-dendrite (most widespread) and axon-axon. The most of neurons form thousands of synaptic contacts and one presynaptic axon can have dozens of contacts with an individual postsynaptic neuron. Synapses can be excitatory and inhibitory dependeng on whehter they activate or depress the activity of a cell. The transmittal of signals through synapses is performed with the help of chemical or electrical mechanism. Mixed synapses combine chemical and electrical mechanisms of transmittal [12].
The synapses with chemical and electrical mechanisms of transmittal are characterized by specific structural features. The presynaptic terminals are usually sypplied with synaptic vesicles, which contain neurotransmitter. The nervous impulse reaching the presynaptic terminal, causes depolarization of presynaptic membrane, which increases its permeability for ions of calcium. When calcium ions enter the presynaptic terminal, it causes the release of the neurotransmitter (by process of exocytosis). The neurotransmitter diffuses through the synaptic cleft and also affects receptors of a synaptic membrane, thus generating postsynaptic potential.The speed of propagation of impulse in the synapse is less than in a nerve fibre. It amounts 0,3-1 мs. In a synapse with electrical mechanism the impulse generated in the activated presynaptic membrane is electrotonically transmitted to a synaptic membrane due to the narrowing of a synaptic cleft and the presence of special canals, which penetrate both membranes and help ions to go from one contacting cell to another. Pure electrical synapses are usually formed between dendrites of tightly located neurons of the same type. Chemical and mixed synapses are between axons and dendrites or bodies of consistently joined neurons. In the course of the evolution of nervous system a number of electrical synapses characteristic basically for arthropoda, annelids, molluscs, fishes decreases [12].
Thirdly, now it is difficult to define the stages of development of interneuron junctions. We can hypothetically assume that the elementary link between neurons was the electrical mechanism of communication, which developed from permeability of neuron membranes. It is from this communication that a qualitatively new interneuron junction based on chemical (neurotransmitter) transmittal of an impulse formed in the process of development of multicellular organisms.
The study of interneuron junction and the stages of its development is a separate problem, which is still far from being solved. Its solution is no less important than understanding of the transition from a cell to a neuron. Now we can sum up this feature of the space-time of biointelligent substance: every new generation of neurons, which form, namely, nervous system, is specific for its symaptic communication. The higher is the level of development of neurons, the wider are the coding and decoding abilities of synaptic communication. And vica versa: the higher is the level of development of synaptic communication, the more perfect is the mechanism of work of a neuron with information.
Fifth: Neurons along with interneuron junctions form the following level of biointelligent substance – nervous tissue. Transformations at the cellular level resulted in nno less radical changes at the tissue level. Nervous tissue is complexes of nervous and glial cells specific to animal organisms. For the first time it appears at coelenterates and reaches the greatest complexity in the cortex of big hemispheres in the brain of mammals. Nervous tissue is specific only to biointelligent substance. It underlies the development of nervous system.
The basic properties of nervous tissue are the properties of neurons: a) indivisibility; b) special (in comparison with muscular cells and fibres) excitability and ability to propagate signals; c) ability to form stable contacts with other cells; and of glial cells: nutrient (trophic), supporting and protective. The nervous tissue of vertebrates has capilaries, whereas the nervous tissue of insects has tracheas. Nervous tissue is usually surrounded with layers of connective tissue, for example, meninges at vertebrates. The cells of nervous tissue tightly adjoin to each other, forming practically the indivisible whole. There are often special receptor and secretory cells in nervous tissue. Nervous tissue is a communicative system of an organism [12].
Sixth: The next feature of the space-time of biointelligent substance is complex work of neurons, neuron combinations and neuron junctions. Here we have the formation of qualitatively new cellular organization – nervous system, which raises biointelligent substance above the system of life. Nervous system is a morfofunctional combination of separate neurons and other structures of nervous tissue of animals and humans, which coordinates the activity of all organs and systems of an organism in its interaction with the external environment. The nervous system of higher organisms consists of the brain, spinal cord (the central nervous system), spinal, cranial, and peripheral nerves (peripheral nervous system). The nervous system receives external and internal irritants, analyzes and processes the received information, preserves the memory of earlier activity and adjusts and coordinates the functions of an organism. The activity of nervous system is besed on the reflex, which is the propagation of excitation along reflex arcs and the process of inhibition. Nervous system is formed mainly by nervous tissue. Its basic structural and functional unit is a neuron. The more perfect is the structure of nervous system, the higher is the organization of behaviour of a biological organism. Therefore, the degree of development of nervous system shoows the degree of development of biointelligent substance of the Earth [12].
According to modern science, in the course of evolution of biological organisms nervous system gradually became more and more complex (by means of centralization and cefalisation), which simultaneously led to the complication of their behaviour. There are folowing stages in the development of nervous system. The first is endocellular fibrillar excitable device we find at protozoa. It is a source of all subsequent forms of nervous system. It is present at some infusoria and some other protozoa. The second is plexiform, or diffusive nervous system, which was the first stage in the formation of biointelligent substance. In the process of development of multicellular organisms the specialized tissue capable of reproduction of active reactions, i.e. of excitation, is formed. The diffusive nervous system for the first time apears at coelenterates (hydroid polyps). It is formed by the processes of neurons diffusively allocated all over the body as a network. The diffusive nervous system quickly propagates excitation from a point of irritation in all directions and, thus, shows some integrative properties. Such type of nervous system does not provide, however, differentiated reaction to irritation. Dffusive nervous system also has insignificant signs of centralization (for example, hydras have certain concentration of nervous elements in the region of a sole and an oral pole). The third stage is diffusive-nodal nervous system. The complication of nervous system went hand in hand with the development of organs for locomotion and was expressed, first of all, in the isolation of neurons from a diffusive network, their moving in the depth of a body and the formation of certain clusters. So at free living coelenterates (jellyfishes) neurons accumulate in a ganglion and form diffusive-nodal nervous system. The formation of this type of nervous system is linked, first of all, with the development of special receptors on the body surface capable to react selectively to mechanical, chemical and light external influences. Alongside with it a number of neurons and diversity of their types increases progressively, thus forming neuroglia. There are bipolar neurons, which have dendrites and axons. The propagation of excitation becomes directed. Nervous structures, which transmit signals to other cells, which determine response of an organism become also more differentiated. Some cells specialize in reception, others – in propagation, stii others – in contraction. The nervous system of coelenterates has also typical synapses. The fourth stage is concerned with centralization and the development of nodal type of the organization of nervous system; for example, annelids, arthropods, Echinodermata and molluscs have it. Some scientists distinguish at the latter the scattered-nodal type of nervous system. Neurons concentrate in nerve ganglions, which are linked by nerve fibres with each other, and also with receptors and effector organs (muscles, glands). The differentiation of digestive, reproductive, blood and other systems of organs was accompanied by the improvement of interaction between them with the help of nervous system. It becomes more and more complex and there appears a multitude of central nervous formations, which are subordinated to each other. Active forms have the front end of a body, which during movement first comes across various irritants. The primitive device of perception of contact irritations located here, and also periesophageal ganglions and the nerves, which control feeding and digging motions, develop at philogetetically higher forms into distant receptors, which perceive light, sound, odour. Thus begin to form sensitive organs. Since the main receptor organs are located in the head end of a body, so, accordingly, ganglions in a head part of a trunk develop more actively, take control of others and, finally, form the brain. Nervous system of flatworms includes interneurons, which make mutual relation and communication of nervous elements with each other more complex. Centralization and cefalisation are well notable at annelids and arthropods. Higher annelids and arthropods have well developed nervous chain. The formation of adaptive behaviour of an organism shows itself the best at a top level of evolution, i. e. at vertebrates, and it is connected with the complication of the structure of nervous system and the improvement of interaction of an organism with the external environment. Some parts of nervous system show in phylogeny the tendency to active growth, whereas others remain underdeveloped. The front regions of the brain, which make great progress become more amd more important. Fishes have poorly developed front part of the brain, but well developed back and middle parts, as well as a cerebellum. At amphibia and reptiles the diencephalon and two hemispheres with an initial cortex of the brain are formed out of the front cerebral bladder. At birds the middle braine and diencephalon dominate, the cerebellum is well developed, whereas the cortex is expressed poorly. Nervous system reaches its peak of development at mammals, mainly due to increasing and complication of the structure of hemispheres and the cortex of the big brain [12].
Thus in the space-time of biointelligent substance nervous system formed on the basis of the evolution of neurons and interneuron junctions and it created conditions for symbiosis of multicellular organisms and the material environment; second, it stimulated the development of morphology and physiology of biological organisms; thirdly, it raised to a qualitatively new level the information exchange in the space-time of biointelligent substance.
Seventh: Many scientists think the most important neurophisiological changes, which have occurred in the space-time of biointelligent substance, the development theof process of inhibition. Inhibition is an active nervous process, which results in weakening or depressing of the process of excitation. Modern science distinguishes peripheral inhibition, which occurs right in synapses in muscular and glandular cells, and central, which occurs within central nervous system. In most cases inhibition arises at interaction of neurotransmitter with postsynaptic membrane, which results in short-term increase of its permeability to ions K + and Cl-, hyperpolarization, and then decrease of excitability. I. Pavlov who studied conditioned reflexes, distinguished external and internal inhibition, and also defensive inhibition, which protects nerve centers from excessive irritation or overfatigue [12]. The consideration of the evolution of inhibition process and its essential features, it is necessary to operate rather complex neurophisiological terminology. Therefore, we will satisfy ourselves with information from a biological encyclopaedic dictionary and recommend those who are interested in this problem to use numerous special works.
The process of inhibition became an important component (a form of conditioned reflex) in the space-time of biointelligent substance. Those conditioned programmes, which is formed on the basis of nervous system, could not function at biointelligent structures without the inhibition process. It is the main element of conditioned programmes, which allows for the first time in the history of substance to organize the process of “dominant”. The main provisions of the theory of dominant were developed by Russian physiologists N. E. Vvedensky and and. A. Ukhtomsky. In the opinion of Ukhtomsky, “dominant central constellation” forms concealed readiness of an organism to certain activity while simultaneously inhibiting unnecessary reflex acts. The dominant is formed on the basis of prevailing motivational excitation. There are alimentary, sexual, defensive etc. kinds of dominants. For example, in spring frog males show strong “embracing reflex” in connection with the increase of concentration of sexual hormones in blood and the irritation of the surface of their body then instead of causing the required defensive reflex strengthens the strain of muscles-flexors of front extremities [12]. 
Eighth: The essential feature of the space-time of biointelligent substance is that all basic regulatory functions of multicellular organisms are connected with one place – the brain. The brain is the front department of central nervous system located in the cranial cavity. From the point of view of philogeny the brain is the front end of a neurotubule, whereas from the ontogenetic point of view, it is the development of cerebral bladders of, which lumens develop in cerebral ventricles. For the first time we find the brain at Cyclostomata (lampreys, hagfish) in the front part of neurotubule. It is subdivided into three departments: front, middle and back. The back brain of lampreys is differentiated in ontogeny into medulla oblongata and cerebellum. The midbrain includes higher visual centers, and the forebrain is poorly differentiated and consists basically of olfactory bulbs and lobes. Fishes preserve that same structure of the brain. However, in connection with a mobile mode of life in water their cerebellum develops intensively [12].
After vertebrates had began to live on land there occurred the rearrangement of roles of main departments of the brain. The back brain of amphibia and reptiles occupies small volume, whereas the midbraine and especially forebrain increase essentially. In the structure of the midbrain of amphibia we can clearly see two hills, and of reptiles – four hills. The forebrain is differentiated into medulla oblongata and two symmetric hemispheres of the cerebrum. The latter still remains mainly olfactory but it already begins to perform functions of sensomotor coordination. In the brain of birds develop deep departments of the forebrain (basal ganglia), and also the cerebellum. At mammals there is sharp differentiation between the forebrain and the back brain in connection with the development of the cortex of big hemispheres. Thus the most complex brain of higher vertebrates is composed of six subdivisions: cerebrum, diencephalon, midbrain, pons, cerebellum and also medulla oblongata of, which five (except for the cerebrum) form the brainstem connected with the spinal cord [12]. 
The following law is valid for the space-time of biointelligent substance: the more complex is the structure of the brain, the more perfect are conditioned programmes, which make for the better interaction of organisms with the external environment.
Ninth: The space-time of biointelligent substance includes various forms of multicellular organisms. Since the Cambrian paleontologists begin to note the appearance of multicellular organisms (fig. 8). The characteristic attribute of multicellular is qualitative nonequality of cells composing their body, their differentiation and combination in complexes with different levels of complexity (tissue and organs), which carrying out different functions in a single organism. Multicellular organisms are characterixed by individual development (ontogeny), which begins in most cases (except vegetative propagation) with a division of one cell (zygote, spore) [12]. The transition from unicellular to multicellular organisms is specific for one more aspect of the evolving fundamental level of biointelligent substance, i.e. the level of adaptation. Except determining and directing functions, the cellular level of biointelligent substance provides the adaptation of multicellular organisms to changes in the external environment. If a unicellular organism independently is capable to exist in the material environment a multicellular organism is a collection of cells, which can exist only in a complex (integrity). Here again, apart from intrinsic coordinating functions, a neuron should act as the link between the internal and external environment of the organism. Without this important characteristic living multicellular structures could not adapt to the material environment.


Fig. 8. The paleontologic chronicle of Phanerozoe. The line, ending by a point, indicates extinction; the line, ending by an arrow, implies that this group still exists [24].
The development of adaptive mechanisms of biointelligent substance resulted in the organization of multicellular organisms with more long term of biological existence. For example, the analysis of the development of biological organisms in Phanerozoe (fig. 8) indicates not only extensive development of multicellular organisms, but also the increased terms of their biological life. Every multicellular organism has at the level of cellular structures certain “margin of safety”, which allowed them to actively interact with with external material environment for a long time .
Tenth: The space-time of biointelligent substance is characterized by the better interaction of transitional forms with the external information environment; it is based on radically new (conditioned-reflex) work of an organism. The external material world for the first time begins to be the information environment for structures of biointelligent substance, which forms stereotyped programmes of behaviour in neuron complexes. The difference between representatives of living and biointelligent substance is that the behaviour of the former is formed mainly under the influence of hereditary programmes, which are transmitted from generation to generation, whereas the behaviour of the latter is formsed under the influence of conditioned programmes. Conditioned programmes are developed in ontogeny, i.e. the individual development of an organism in the material environment. In the course of 570 million years the conditioned-reflex activity had been improved and formed substance, which reacts more operatively to influences of the external environment, and has the new property – associativity.
Eleventh: In the space-time of biointelligent substance the laws distinct from the laws of space-time of living substance dominate, in particular, the laws of evolution discovered by C. Darwin – the laws of heredity, struggle for existence and natural selection. This group of laws organizes and regulates ontogeny and phylogeny of numerous species of biointelligent substance.
In a word, the laws of the organization, development and interaction of biointelligent substance correspond to the laws discovered by modern science for the world of nature. For nowadays the world of nature is understood as the organization of systems of living and biointelligent substance.
Twelfth: The important, though not quite clear, place in the space-time of biointelligent substance takes the evolution of endocrine systems occupies. This question needs still to be carefully studied. Now it is possibke to tell that endocrine and nervous systems have much in common. The coordinating and functional bases of their activity are especially close and differ only in details: if endocrine system regulates the activity of organs by means of internal secretion of certain chemicals (hormones), nervous system does it by means of the transmition of nervous impulse by chemical or electrical way. But the most interesting is that endocrine system began to develop also since the Cambrian, i. е. together with the development of unconditioned and conditioned reflex interaction with the information environment. Such coincidence reminds another (though “deadlock”) way of development of mechanisms of memory in the system of living substance in the phase of maturity. It is as if nature developed two mechanisms of interaction with the external world: endocrine and nervous. But if endocrine mechanism turned up a deadlock branch, the nervous one led to the formation of conditioned reflex activity of biointelligent substance, and subsequently to the activity of the subconscious and the conscious mind of intelligent substance.
Thirteenth: Another essential feature of the space-time of biointelligent substance is the organization of radically new kind of energy source. I mean the development of the process of photosynthesis and the formation of the regenerative atmosphere of the Earth. All processes in the space-time of life, except photosynthesis, are accompanied by the expenditure of chemical energy and its transformation into thermal energy. Therefore, sooner or later all sources of chemical energy would run out, and life on the Earth would stop, if photosynthesis stopped. Photosynthesis is a unique process in the biosphere, which leads to increase of free energy of the biosphere due to the external source, the Sun, and provids the existence of both plants and all heterotrophic organisms, including humans. On the one hand, photosynthesis provides the initial synthesis of high-energy organic compounds and, on the other hand, it produces oxygen, which makes possible the of the energy of these compounds. 150 billion tons of organic matter and about 200 billion tons of free oxygen are produced annually on the Earth as a result of a photosynthesis. The circulation of oxygen, carbon and other elements involved in photosynthesis created and maintains the modern composition of the atmosphere necessary for life on the Earth [2, 12].
Thus the perfection of substance on the Earth entailed certain transformations in energy. It is possible to surmise that the primary energy source for system of living substance was the energy of oxidative processes in mitochondria, whereas the formation of multicellular organisms required stronger energy sources. They were special pigments, which are found now in the cells of all green plants from seaweed (also in some bacteria) and, which underly the process of photosynthesis. The energy of the space-time of biointelligent substance is derived from the process of photosynthesis, whereas for the space-time of living matter it is derived from chemiosmotic transformations of energy in biological membranes under synthesis of adenosine triphosphate (АТP), which was investigated by P. Mitchell.
Fourteenth: V. Vernadsky paid attention to the fact that biogenic migrations of atoms of microbes and unicellular organisms differ coonsiderably from adequate parameters of the world of biointelligent substance (the multicellular). “In this connection we should distinguish two various biogenic migrations of atoms in the phenomena of breeding and growth: the biogenic migration of atoms of first type for microscopic unicellulars and microbes of huge intensity due to their small volume and weight, and the biogenic migration of atoms of second type for multicellular organisms [14, 247]. So the biogenic migration of atoms can be understood as the circulation of substance, energy and information. Thus circulations in the system of living and biointelligent substance are quite different.
Fifteenth: In the light of differentiation of modern concept of “nature” into the systems of living and biointelligent substance many views on aspects of life that have become usual, need certain revision. For example, it cincernes the processes of growth and breeding. I think that the process of breeding, which is no other than the resistance of living matter to destructive influence of inert substance, is most typical for the space-time of living substance. The characteristic feature of the space-time of biointelligent substance is the predominance of the process of growth. The structures of biointelligent substance resist to destructive influences of living and inert substance by means of greater perfection of their intrinsic organization, i.e. the greater complexity of cellular formations, which at the level of conditioned programmes try to foresee negative influences of the external environment. Therefore, the rule of A. Snyadetsky​[34]​ takes into account only an external law. In reality at fundamental levels of substance the matters stand as follows. In the process of development of biointelligent substance the process of growth gradually takes over the dominant role from the process of breeding. The more complex is a biointelligent form, the better is it adapted to the existence in the material environment, and the longer is its biological life. Therefore, reproductive rates of biointelligent structures are much lower than of life representatives. For example, insects can inhabit the planet in 200-300 days, whereas mammals need from 8 (rats) to 1000 (Indian elephant) years.​[35]​ 
Thus the important parameter of the space-time of biointelligent substance is the process of growth, which guarantees organisms long and normal existence in the material environment.
Sixteenth: This fact throws the new light on the results of researches of A. Monin. In 1977 he convincingly proved that the vegetative covering of the planet reached its modern state in the middle palaeozoic​[36]​, i. е. about 350-400 million years ago. Befort that the mass of living substance in the biosphere was in some ten, or even and hundred times less than now [4]. It confirms the assumption that I proposed above that the Phanerozoe is the intensive development of the space-time of biointelligent substance. According to such approach the mass of living substance is a cumulative figure of biomasses of living and biointelligent substances. Thus the mass of biointelligent substance exceeds living biomass in hundred times [18].
Seventeenth: The number of species of biointelligent substance is much less than in the system of life. In my opinion, it can be explained by the dominance of the growth of the organism instead of its breeding.
Thus the space-time of biointelligent substance means radical changes at the cellular and tissue level, which for the first time resulted in the formation of a new property of matter, i.e. its abilities to association, selective and complex work with the external environment, which now becomes the information environment.
19. To sum up our consideration of the space-time of biointelligent substance, I want once again to emphasize the fact that any transitional form (bioinert, biointelligent substance) has a lot of common features both with a parental and a filial state of substance due to the instability and uncertainty of the determining (fundamental) level. This resemblance still causes confusion in natural science. On the one hand, modern science views living and biointelligent substances, as something uniform and whole. On the other, the essential features of intelligent substance are investigated through known parameters of biointelligent substance. For example, the work of human mentality is still understood in connection with the conditioned reflex activity of higher animals. Another example: we consider the biosphere not as the result of coexistence of the spaces of living and biointelligent substances, but as life in general sense, as the uniform space-time of living substance.
The reason is imperfection of scientific knowledge, empiricism of investigations and absence of global cosmological conceptions. The dominating cosmological model is still the one (though and modified) of Kant-Laplace, which is based on the scientific material of the eighteenth century.
I think that it is time for rethinking and systematization of the new accumulated knowledge. The universe is not only the expanding cosmological model of Friedmann. First of all it is the material world with its intrinsic evolutionary structure. It is the system, which consists of three states of substance and two transitional forms. The material world consists of five global, ladderlike located geometrical spaces (fig. 1). This is confirmed by the results of numerous studies. It only remains for us to make a second step: to define what discoveries and facts are characteristic of this or that state of substance, i. e. to classify rich scientific data according to the order of spaces described by them. Only then we will have a valid cosmological model, which, on the one hand, will open numerous “black spots” in the history of substance and, on the other, will help to make a step to the far future in understanding of the big universe. The complex understanding of the structure of space, the global structure of matter and of its fundamental processes will make the universe closer and clearer for us and will help mankind to go furhter into space and to make a step to meet other civilizations. For the space-time of intelligent substance is not limited by a particular material object.
20. The evolution of biointelligent substance created all conditions for a “filial” state of substance, i.e. intelligent substance. Primitive Man was a consequence of the evolution of biointelligent substance, a direct extension of the process of cefalisation. The separetion of intelligent substance from the system of life influenced considerably the evolution of the systems of living and biointelligent substance. In spite of the fact that living and biointelligent substance evolved within their space-time continuums, and intelligent substance – within its space-time continuum, the anthropogenesis influenced the whole geological history of our planet.
The formation and development of intelligent substance on the Earth (mankind) as a whole is linked with the organization of the field mental life . Modern highly organized mentality passed three stages in its development. At the first stage, on the basis of the conditioned reflex activity of the cellular level of biointelligent substance, the conditioned reflex work of the preconscious was organized, which integrated the work neuron and tissue level. I called it the stage of Primitive Man. At this stage we do not talk yet about society. The primary forms of reason developed in ecosystems of nature. The second stage of the development of intelligent substance corresponds to the stage of Emotional Man. It is concerned with the transition of neuron complexes of the preconscious into the stable work of the subconscious and also with the organization of the energy cycle of consciousness​[37]​ on the basis of the subconscious, which is specialized on the processing of associative information. This is a period of the formation of mind as the main organ of the system of intelligent substance. From this stage on we for the first time can speak about the birth of intelligent substance on the Earth. The third stage of development is concerned with the settled, advanced system of intelligence – the noosphere, which prepares the third state of substance to a stage of “paternity” and the birth of the fourth state of substance. The latter means the stage of Intelligent Man and we can talk of it only hypothetically, as of distant future.
The more detailed study of the stage of Primitive Man, which describes the main stages of the origin of mankind we will state in the following chapter. Suffice it here to stop on somr essential features of the space-time of intelligent substance.
21. The evolution of mentality underlies the formation of the space-time of intelligent substance. Mentality essentially reflects a new property of substance, its ability to association and is formed by means of neuron complexes of the subconscious and consciousness. Qualitative changes at the level of neuron complexes of consciousness and the subconscious (but, first of all, consciousnesses) lead to great consequences for mankind. The formation of the noosphere as the sphere of existence of intelligent substance is a consequence of those processes, which occur at the fundamental level of intelligent substance, which is the integration of neuron, tissue and organic levels in a single field (organ). This single neuron organ formed on the basis of new and reorganized old regions of the brain, is called “mentality”.
The study of the space-time of intelligent substance makes now its first steps. At present it is possible to tell the following:
First: If the process of cefalisation underlies the space-time of biointelligent substance, the formation of the space-time of intelligent substance is based on the evolution of mentality. Modern science avoids to specify the definition of the term “mentality” and quite naturally, because there is too much in empirical material in this sphere of study now and much of it does not conform with the requirements of exact science. Mentality has been maily studied by esoteric sciences (except psychology) and the results are of superficial and populist character​[38]​. Later in this book I will try to formulate the essence of mentality, which would meet the strict requirements of science.
From my point of view, mind is, first of all, the cumulative activity of neuron, tissue and partly organic levels of the brain. It is the consolidated work of neurons, intraneuron and interneuron neurotransmitters, which in aggregate form continual (field) activity of the brain, or rather its frontal parts. It is in these new regions of the brain cortex that the radically new neuron environment was organized on the basis of neuron and tissue levels of biointelligent substanceit, which combined in itself neuron complexes of different functional significance. The essential feature of this environment is the fact of the formation of mutual relation with the external world not at the level of reflexion, but at the level of certain biopsyfield​[39]​. Maneyev’s biopsyfield underlies mental activity. It allows intelligent substance to independently regulate mutual relations with the material environment at the level characteristic only of this state of substance. The higher is the development of mentality, the more independent and aggressive is the position of intelligent substance in relation to other states of substance.
It is possible to consider highly developed mentality in two aspectes: 1) of globalization; 2) of specification. In the aspect of globalization mentality is considered as a system property of intelligent substance, and also in the light of laws of the system of intelligent substance, which show themselves in the historical process. The global role of mentality is clearly seen in the anthropogenic influence of macrosocium on the external material world, the interaction of society with the information environment. In the aspect of specification mentality is considered as a system property of highly organized substance, which consists in the active reflection by the subject of the objective world, in the formation by the subject of inalienable picture of this world and in the self-regultion on this basis of his behaviour and activity [27, 265]. In the aspect of specification mentality is considered at the level of the field (continual) interactions of microsocium with the external information environment. Mental life is differentiated into the subconscious and consciousness. The higher is the role of consciousness in mental life, the more perfect is intelligent substance of the planet. 
Modern science is still far from the geometrical description of the space of mentality. Later in this book we will consider a number of its essential features. Suffice it to note here that mental life is not any more the software, which we find in the structures of living and biointelligent substance. In the space-time of intelligent substance all the external material environment is seen for the first timein as information. It is perceived not as the energy or material environment, but as the information environment. So in opposition to the external information environment at the level of mentality the internal information base is formed during ontogeny, which, as a rule, is not identical with the external one. The greater part of ontogeny the human mind perceives the external information environment through the prism of internal information base, or with its active participation. This symbiose results in the birth of a qualitatively new kind of information – the associative one, which is materialized through conscious purposeful activity in particular forms (product of work). The space-time of intelligent substance is the materialization of associative information, which is a product of mental life .
Speaking about the prospects of development of intelligent substance, it is possible to assert that in the process of the further evolution of intelligent substance the role and value of internal information base begins to surpass considerably the influence of the external information environment on the modulating work of the brain. After a brain has generated in its depths a stable system of views, i.e. the world outlook, the external information of environment sharply loses the influence on mental life. The mind begins its independent activity at the external material world, using mainly its own internal information base. The formation of mind of modern man takes normally 30 years and its development has three stages: 1) development of elementary conditioned reflex activity (childhood); 2) the subconscious (the teenage term) and 3) consciousnesses (youth and maturity). The process of the evolution of mentality includes not only qualitative reorganization of neuron combinations of the brain, but also the evolution of thoght, which is parallel to the evolution of mentality as an “organ”. If at the stage of Primitive Man the brain is characterized by the object-effective kind of thinking, neoanthrops have at first the visual and subsequently abstract kind of thinking. Thus the evolution of the process of thinking is concerned with cardinal changes at the level of the brain and, accordingly, ontogeny, and in a daily mode of life.
Second: The first stage in the organization of mentality was the organization of unconscious activity, or the subconscious mental life. The subconscious is a neuron complex, which was formed on the basis of the conditioned reflex activity of the brain of higher biointelligent structures. Most likely, its formation took two phases. The first is the formation of the preconscious, which was the cause of the separation of hominids from the world of nature. Subsequently, in the course of evolutionary reorganizations, the preconscious shaped into the modern neuron complex of the subconscious.
In its present form the neuron complex of the subconscious includes reticular formation, thalamic nuclei, poorly differentiated speech center and neuron combinations of memory [8]. The work of the subconscious differs from reflex activity in that for the first time it does not use the potential of hereditary programmes and is not based on unconditioned reflex activity. If conditioned programmes of behaviour of biointelligent structures, as a rule, are closely linked with the work of instinctive reflexes (i. e. hereditary programmes), the activity of the subconscious is based exclusively on the conditioned information, i.e. on the programmes acquired in ontogeny. Thus the activity of the subconscious is based on conditioned programmes produced in the course of the individual development of an organism. It is not a reflex basis (similarity of a reflex arc), but the field basis that underlies the work of the subconscious with them. In ontogeny the neuron combinations of the subconscious are formed after the development of conditioned reflex activity. The subconscious is a superstructure above conditioned programmes, which is selective and according to an external stimulus-irritant involves a whole complex of conditioned programmes. Primitive Man, unlike higher biointelligent structures, much more depends on the volume and quality of conditioned information, because its behaviour is, mainly, based on it. If biointelligent structures needed conditioned information for the activation of conditioned programmes (reflexes) and through them also hereditary, for intelligent substance conditioned information is vitally important. Primitive Man was “blind” without it and could not find orientation in the external material environment. The subconscious mental life does not depend on the work of the neuron (fundamental) level of biointelligent substance. It is an independent level with the following parameters: 
1.	Differentiation of the touch centers into neuron combinations of the speech centers and memory (thus both the speech centers and memory are integral neuron complexes);
2.	Predominance of the work of the brain with conditioned information. The influence of hereditary programmes on the work of the brain decreased considerably;
3.	Field (continual) work with conditioned programmes by means of, which the subconscious “guided” the activity of an organism;
4.	Initial formation of mentality, i.e. the neuron complex, which carries out independent associative work with the information environment;
5.	Formation of a new circulation of substance, energy and information in the brain.
Thust the substantial basis in the work of the brain changed. And this change implies consideranle qualitative changes in ontogeny. First of all, the formation of the first structures of intelligent substance of the Earth occurred, i.e. the structures distinct from the structures of biointelligent substance. Externally Primitive Man was similar to biological organisms, but internally, in the organization and work of the fundamental level, he reached a qualitatively new stage of development. Like no other biological organism, he began to organize independent interaction with the world of nature. He began to change this world, creating conditions favourable for the evolutionary changes at the brain level, i.e. conditions that fixed his existence in the environment of the parent state of substance – the world of nature.
Third: The highest stage of development of mentality, and accordingly, of intelligent substance is the formation and development of the neuron complex of consciousness. Consciousness (energy cycle of consciousness) is the highest form of mental reflection. According to proposed conception, consciousness is the objectively existing neuron complex in the human brain. It permits mentality to carry out interaction with the external material world at the level of biopsyfield, which implies the potent anthropogenic influence on the systems of living and biointelligent substance.
From the point of view of neurophysiology, consciousness is a consolidated activity of neuron combinations of memory, speech centers (integrated complex of neuron Broca’s, Wernicke’s areas, the visual-speech center), reticulate formations, thalamus, inner abstract image and the mechanism of will, the activity of transformation and generation of a signal from an external stimulus-irritant, but, mainly, from an intrinsic stimulus, i.e. words and word combinations. Consciousness as a neuron complex is located on a rather small field of the brain, in frontal lobes of the cortex of the big hemispheres. It is the youngest cytologic formation of all nervous system. Its age is dated approximately 50 thousand years. Neuron combinations of consciousness within the framework of mental life form the independent, self-sufficient circulation of substance, energy and, the main thing, information. The work of the energy cycle of consciousness is based on the directed and regulated “field” energy of the consciousness cycle​[40]​ on the internal information base. The conscious process is identical to the process of thinking. It consists in the directed, selective activation of the associative information by boa-stimulation embodied in neuron combinations of memory. If reflex behaviour is the adequate response of an organism to the influence of an external stimulus-irritant​[41]​, conscious activity is usually not adequate to external stimulation. A signal, which enters the neuron complex of consciousness and a signal at the output have absolutely different parameters​[42]​. The cause is that external stimulation directionally affects certain neuron combinations of memory, activating the similar (typical) information. And so we have the summmed (instead of adequate) activated information, its “average” value at the output [6, 7].
Consciousness is a process, a dialectic process. The development of consciousness is closely connected with the evolution of intelligent substance. In our opinion, the development of consciousness (and so mentality) needs to be considered not from the point of view of anthropology, which takes ontogenetic data as initial, but from the point of view of neurophysiology. The evolution of humans and of human society should be considered from the position of neurophysiology of the brain. For the changes, which have occurred at the level of consciousness and mentality as a whole, are essentially deeper than ontogenetic data fixed by historical process.
The basic parameters of neuron complex of consciousness are:
1.	The priority of field (continual) energy;
2.	The formation and development of the process of thinking, which is the consequence of the transition from reflex interaction with the material environment to the organization of biopsyfield of Maneyev;
3.	The differentiation of the speech center into three independent neuron combinations: hearing-speech center of Wernicke, speech-motional center of Broca and the visual-speech center;
4.	The originating of speech and, accordingly, the organization of normal work of the second signal system of Pavlov;
5.	The differentiation of neuron combinations of memory into the blocks of long-term and a short-term memory;
6.	The formation of the world outlook of the subject and its inner dynamic Self on the basis of long-term memory of inner abstract image;
7.	The predominance of work with associative information;
8.	The formation of the internal information base with dominating associative information.
The change in the substantial work of the brain entailed cardinal changes in ontogeny. We have already told that the formation and development of consciousness and the subconscious is directly linked with the formation and development of mankind. The evolution of mentality resulted in the organization of civilization, in the formation and development of human society.
Fourth: The separation of mentality as a radically new neuron complex was caused by the structural reorganization of neurons of the brain. Between neurons of the brain of animals and neurons of some regions of the human brain (cortex of big hemispheres) there are cardinal distinctions caused, first of all, by the intrinsic structure of cells. The evolution of cells: cells of living substance – neurons of biointelligent substance – neurons of intelligent substance, – shows the important tendency linked with the increase of ability to “memorization” of information and to work with the information environment as a whole. Neurons of intelligent substance lose a lot of important properties inherent in the cellular level of previous states of substance, for example, cell division or active immune systems. But at the same time neurons develop radically new properties. Neurons of intelligent substance is a complex of the richest, independent and at the same time centralized working information storehouses, certain libraries. No other previous cell (neuron) can work with the information environment with such efficiency, exactness, and, the main thing, with such independence as a neuron of the higher departments of the human brain​[43]​. There is analogy, which will help us to explain the internal and external work of a neuron the level of mentality (in analytical activity). If we compare a neuron with a central book-depository, something like the Russian state library in Moscow, where instead of the information stored in books there is molecular text of DNA and RNA, the intraneuron neurotransmitters in this book-depository correspond to books, which unite in themselves certain volumes of specific and systematized information. However, this information is not localized and not strictly limited. The same information can be in a certain number of books, though it is stated in different ways.
Interneuron neurotransmitters in this figurative picture play the role of the visitors of this book-depository. There is also some selectivity them. Some visitors are the experts in the field of physics and therefore they are interested in books (i.е. intraneuron neurotransmitters) with the information pertaining to that field of knowledge; others are musicians, the third ones are literary critics etc. Each expert-visitor does not necessarily one book. He can take five books, ten: it depends on his internal energy, innner condition. If energy value of an interneuron neurotransmitter is small, it activates small number intraneuron neurotransmitters and receives in return small volume of fixed molecular information. But if the internal energy potential of an interneuron neurotransmitter is huge, it can embrace also the significant volume of molecular text.
Analytical activity of a modern human consists in activation due to inner speech (the activity of neuron combinations of the speech centers) interneuron neurotransmitters, these visitors-experts, which, in turn, activate information stored in neighbour neurons (or in one neuron). Every neuron of the mental level is a similar book-depository. Among them there are specialized book-depositories as well, preserving special information. There are book-depositories packed with various information. There are also empty or halfempty book-depositories. But irrespective of their specificity they are closely related to each other and form a single information complex (unified internal information base). The interneuron visitor, a neurotransmitter, when it comes to one book-depository, activates in it certain volume of information necessary for him. But if its internal energy potential is high enough and not satisfied by information given to him, it demands the greater volume and the book-depository (neuron) activates its employees, experts of narrow profile, interneuron neurotransmitters, which are sent to a nearby neuron-book-depository for additional identical information. And a neuron itself decides to whart neighbour book-depository it is necessary to send the employees for this information. The whole complex of neurons is thus activated, and frequently, information can be broad enough. Intraneuron neurotransmitters activate certain volume of molecular text, which is often much broader than the information demanded by an interneuron neurotransmitter.
At the ontogenetic level it looks as if a person who is busy with the solution of one question, changes a subject and begins to think of other problems or questions. Or while thinking, we suddenly begin to see by our inner “sight” some information being activated, which, apparently, was not the initial theme of our reflections. That is what the associativity of conditional information and close connection of its forms is. To avoid unnecessary in this case association of information, the volitional concentration of attention is needed. Its essence is that neuron combinations of the speech centers secrete highly specialized interneuron neurotransmitters with growing energy potential due to constant interaction with reticular formation (through thalamus). This results in the concentration of energy on the solution of a particular question. In this connection the activity of collateral interneuron and intraneuron junctions ceases to be adequate to the potential of a cycle as a whole. The sole information, which is activated within the whole interneuron space of the level of consciousness, is the information concerned with the persistant inquiry of certain interneuron neurotransmitters.
Fifth: The principal difference between the human brain the brain of higher animals consists also in cytoarchitectonics. In the human brain there are two equivalent levels of an exchange of substance, energy and information: the subconscious and consciousness. These two neuron complexes, located at neuron and tissue levels, form a new neuron formation, a certain organ – mentality. Only at the level of intelligent substance the brain is, so to say, an organ, which embodies a new radical property of substance – its ability to association, to complex work with the external environment, which takes the “air” of information.
Neurophysiologists are more and more inclined to recognize the fact of real existence of neuron complexes of the subconscious and consciousness, which work independently, though they are nonequilibrium open systems [6, 7]. The levels of the subconscious and consciousness are responsible, respectively, for unconscious and conscious activity. The interrelation between unconscious and conscious activity indicates a degree of perfection of intelligent substance. Intelligent substance evolves according to the arrow of time of Addington from unconscious to conscious activity.
Sixth: Most of explorers suppose that the hemispheres of the human brain, in contrast to the brain of earlier states of substance, are functionally asymmetric [5]. In ontogeny of a human the functional structure of the brain undergoes complex dynamics: for some time a newborn child develops with a functional-symmetric brain (this symmetry in some cases can be retained for life, which is typical of some kinds of dementia), and only in the second year of life functional asymmetry arises and gradually increases, reaching a certain maximum at the age of maturity (at that same time reaches the coupled activity of the brain reaches its highest development), but decreases in old age. The functional asymmetry of hemispheres of the human brain requires the most careful analysis, because it is concerned with the sources of split of theoretical and mental knowledge in the mental organization itself. Each hemisphere of the brain is responsible for various forms of thinking: the right hemisphere – for the imagery, visual-spacial thinking, the left one – for abstract-conceptual, logic-speech thinking, and also for the majority of specificly human functions, such as linguistic, mathematical, speech, writing etc. [5].
In opinion of M. D. Akhundov, the right hemisphere is linked with concrete space and time. Here the processes of sensual knowledge and various forms of perception are organized. The left hemisphere is linked with abstract space and time and conceptual data. It organizes abstract processes. The right hemisphere stores in all accumulated in the past experience of sensual knowledge and in its functioning is linked with present and past time. The left hemisphere is linked with abstract knowledge and forms the programmes for the future, i.e. it is linked with the present and the future [5].
Seventh: According to researches of Belorussian professor A. K. Manev and other scientists, the principle of mental life is based on continual (field) transmittal of the information between neurons and neuron combinations. At the level of mentality something like of byopsyfield is formed, which makes possible abstract thinking.
Eighth: The discrete transmittal of an impulse in the brain of higher animals forms reflexion. Speaking of the information exchange at the level of living and biointelligent substance, we mean the reflex interaction of living organisms with the external environment and the mechanism of the reflex arc:

Stimulant – irritant – eisodic transmittal of a signal – reaction of the brain – efferent signal.

In intelligent substance the information exchange is radically different. It is concerned, first of all, with new neuron forms: memory, speech centers, thalamus, reticular formation, inner abstract image and volitional mechanism [6, 7]. The consolidated work of these combinations allows an internal or external stimulus-irritant to cause selective activation of the information stored at the level of mentality. Such scheme of work with the information environment is in many respects correlative and unpredictable. Small amount of energy of a stimulus-irritant can cause the activation of a huge volume of information and energy at the output will be much bigger. For example, the casual phrase heard by a person can cause long purposeful activity, which, probably, will result in significant achievement of mankind. Thus in earlier states of substance the information exchange occurs at the level of reflexion, whereas in intelligent substance – at the level of Maneyev’s biopsyfield, which is a moderner model of Pavlov’s second signal system [41, 7].
Ninth: In neuron combinations of the human brain the principle neuroneurotransmitter of transmittal of information is qualitatively distinct from the similar mechanism of the brain of higher animals. It is linked with more extensive activity of intraneuron neurotransmitters in the human brain, and also with the field activity of mentality.
Tenth: At the level of consciousness the neuron combination of memory was divided into blocks of long-term and short-term memory. The long-term memory underlies the organization of inner abstract image, i.e. the world outlook of a subject, his dynamical inner Self.
Eleventh: At the level of consciousness the speech center was divided into three independent neuron combinations: hearing-speech center of Wernicke, speech-moving center of Broca and the visual-speech center, which resulted in the formation of speech and, accordingly, in the organization of normal work of the second signal system of Pavlov.
Twelfth: There is one more principal difference between the human brain and the brain of animals in work with the information environment: if the brain of animals works only with information, coming from the external material environment, in the human brain the internal information base was organized during evolution, which allowed humans to work with the information environment without being influenced by external stimuli-irritants. A person can judge about a process or phenomenon without directly participating in it. Thus the human brain works both with the external information environment and with inner information base. Its volume determines the quality of analytical activity.
Thirteenth: The brain of animals works only with objective (conditioned) information, which activates hereditary and conditioned programmes. Determinism of hereditary programmes makes the behaviour of animals predictable in most cases. Neuron combinations of the human brain in their work use mainly associative information the source of, which is analytical activity (in the process of the world cognition) and, which, as it is, does not exist in the external information environment. The associative information involves the mechanism of work of consciousness and the subconscious. The associative information, together with respective neuron combinations of the level of consciousness, underlies the subjective perception of the world.
Fourteenth: H. Bergson stressed the basic difference between the physiological and the mental in a man that can not be reduced to one another [10]. It indicates the irreconcilable difference between peoples and higher animals at a fundamental level. If at higher mammals the fundamental level is linked with the biological nature (molecular-genetical and neuron levels), at peoples the fundamental level is linked with the mental nature (neuron, tissue and in part organic levels on the basis of, which the subconscious and consciousness are formed), underlying the activity of mankind. The scientific term “mental nature” is adequate to philosophical definition of existence worked out by leading philosophers of XXth century.
Fifteenth: The parameters of the fundamental level of intelligent substance, alongside with external manifestaions, form the adequate space-time. In modern science it is called the noosphere. There is no geometrical description of space of the noosphere yet though this question is in the center scientific attention [34 – 36].
Sixteenth: The space-time of intelligent substance is a region of nonequilibrium material structures, changes in, which are irreversible in time. Modern level of knowledge does not allow to draw a line between the space-time of living and intelligent substance at the mathematical and geometrical level. In my opinion, the difference between the space-time of life and intelligence is at the level of the intramolecular organization of high-polymeric compounds, which provide the reception, processing, storage and extraction of information. 
First, the organization of living substance there is based on the level of molecules and genes and its laws of development determine the formation of the subsequent hierarchy of life. On the other hand, the organization of intelligent substance is based on the level of mentality (neuron and tissue levels) with its own laws of development. Accordingly, the formation of the system of intelligent substance has its roots in the organization of this level.
Second, for living substance the external world is first of all the circulation of substance and energy, which are very important for the normal development of life. For intelligent substance the value of the external world is determined, mainly, by the circulation of information from and this latter is the source of both substance, and the energy necessary for normal existence of the systems of intelligent substance.
Seventeenth: Intelligent substance is concerned with historical time, which differs qualitatively from the geological time of living substance. This difference consists, first, in time scales. By comparing the relationship time-activity, we discover that if we try to find a single constant scale for the activities of living and intelligent substance, the time of realization of this constant is different for each of the states of substance. Intelligent substance reaches it much quicker than living substance. Hence, geological time (if we look at it the as time of realization of potential of living substance) is much more continuous that the correlative parameter of time of intelligent substance.
Second, the difference between geological time of living substance and historical time of intelligent substance consists in the parameters of inner time. The intrinsic time of living substance (the time of life of biological organisms) varies greatly: from million years of life of unicellular organisms to several days of life of multicellular organisms. For intelligent substance the parameter of intrinsic time varies insignificantly within the span of 10 years between the continuation of life of men and women.
Thirdly, the time of intelligent substance differs from the time of living substance by a new property – the degree of realization of mental potential. The abilities of the mental potential of each person, fixed on the genetic level, are identical. But some people realize 100% of this average mental potential for certain (say, sixty years) time interval, others – 50%, or 10%. The degree of realization of mental potential concerning a time scale allows to define a number of important characteristics of an individual, for example, its abilities, motivation, energy etc. If to biological organisms this property of time is inapplicable, for human society it is an important parameter, describing the level of mental development.
Eighteenth: The space-time of intelligent substance has specific properties of symmetry, or rather asymmetry, distinct from dissymmetry of life. This question is also being studied. Science is not able to define symmetry of life and intelligence precisely.
Nineteenth: Intelligent (as well as living) substance is the open, nonequilibrium, self-organizing, active system. But in contrast to living substance, these properties of intelligent substance have the specific orientation, which induced V. Vernadsky to define human society as a new geological force [14]. So, for example, if the activity of a living system shows itself in reproductive rates, the activity of reason shows itself in the synthesizing activity of mentality based on utilitarian use of opportunities of the information environment. If the “openness” of living substance is directed mainly on the system of inert substance, because living matter carries out the bulk exchange of substance, energy and information with the inorganic world (space), the “openness” of intelligent substance is directed on the system of life. The bulk exchange of substance, energy and information occurs between mankind and the system of living substance (but not of inert substance). Further, if the self-organization of living substance consists mainly in the maintenance of normal and safe existence of biological organisms in the material environment mainly at the level of hereditary programmes, in intelligent substance self-organization shows itself at the social level. Normal and safe existence of biological organisms consists in qualitative realization of reflexes of self-preservation and a lot of other instinctive reflexes. But normal and safe human existence depends on the realization of social programmes, i.e. mainly on conscious activity. Unlike higher animals, peoples have a small number of instinctive reflexes, which does not allow them live normally outside social environment.
Twentieth: The biological properties of an organism are not so important for intelligent substance, as for the structures of living substance. In the course of anthropogeny there is explicit degradation of biological properties, which does not mean general degradation of mankind. On the contrary, the properties of mentality, which are the basic criteria for intelligent substance, determining a level of perfection of both separate individuals and societies, are improved as compared with the reduced biological parameters. In the course of anthropogeny it becomes evident that with the degradation of biological parameters of an organism, the level of mentality becomes more perfect. In other words, in the process of the evolution of mentality peoples come off their biological roots and become less liable to direct influence of the world of nature.
Twenty first: If for living organisms the key moment in their existence is the fact of birth, which, on the one hand, marks the beginning of realization of hereditary programmes, and, on the other, is the transmission of information about the state of the external material environment to a new generation, for intelligent substance the influence of social environment is of importance. The fact of the beginning of realization of biological programmes is not enough for a human person. The influence of social environment, which provides normal development of neuron complexes of the subconscious and consciousness, is much more important for him. If living substance comes onto being in generations, and these generations are already supplied with programmes on how to behave in conditions of geobiomes, for intelligent substance “generation” has no such a key value. The fact of biological birth of a human person is not the main parameter in the evaluation of an individual as a personality. We can not estimate intelligent substance by those “generations” with, which we estimate a living organism, meaning a complex of morphological and physiological changes.
For the evaluation of a level of development of intelligent substance we use “generations”, meaning levels of development of the social environment. In the system of intelligent substance we distinguish Renaissance, New time, Silver Age in Russia etc. All generations participate in the achievement of these levels of social life. It is the total potential of n-number of generations is realized in the achievement by mankind of a new qualitative level of the social environment. In turn, the new level of perfection of the social environment lays new information in the foundation of mentality of new-born generations and raises the interaction between mentality and the material environment at a higher level. The difference between the generations of New time and Renaissance is not biological, not that of n-number of generations with morphological and physiological changes between them. This difference consists in the information environment, which influences arising generations. The difference is in the social structure of society, in information, and in the requirements of society to new generations.
Twenty second: Accordingly to V. Vernadsky, each state of substance is characterized by specific biogeochemical functions, operating through the biogenic migration of atoms, i.e. isotopes or chemical elements, consisting of them. Also human society causes the biogenic migration of atoms of the third type, distinct from the migration of atoms of living and inert substance [14.] “…Biogeochemical function of peoples is a new geological force, which has never existed before on our planet in such a scope” [14, 235].
Twenty third: Another characteristic feature of intelligent substance is its creative potential. Creative potential is the materialization in daily life of potential mental abilities (of the subconscious and consciousness). Mental abilities concentrate in creative potential, which is realized in noosphere by means of work.
Twenty fourth: Heidegger, Jaspers, Sartre, Camus, Berdyayev and others philosophers developed a new philosophical attitude – existentialism, which, along with other characteristics, isolates intelligent substance from other states of substance. Existentialism distinguishes in the human is its Existenz, which is spesific only to him and can not be perceived by neither scientific, nor even rational philosophical means. Perceiveing himself as Existenz, a person gains freedom, which is the choice of his own Self, imposing on him the responsibility for all, which happens in the world.
Twenty fifth: Each state of substance its limits of existence. The limits of existence of intelligent substance (noosphere) differ from the limits of existence of living substance (biosphere). Peoples by using means of work, the possibilities of technosphere, organize their mode of life in places abiogenous conditions (for example, in space). Neither of highly developed structures of living or even biointelligent substance is not able to cross the border of biosphere, or even exist normally outside geobiome. The geobiome as the local system of existence of living organisms can not serve as a measure unit for human society.
Twenty sixth: If the mass of living substance is determined by the dimensions of geobiomes and the biosphere as a whole, the quantitative growth of intelligent substance is not probably limited to the noosphere. The development of civilization has approached the level after, which peoples can breed in conditions of space at properly equipped space stations.
Twenty seventh: According to V. Vernadsky the mass of living substance is close to its limit and presumably remains mobile-constant in the course of geological time [16]. The mass of intelligent substance, most likely, by virtue of the possibility of crossing by mankind the borders of the noosphere, has no limits, and, supposing the expansion of intelligent substance in space, can increase infinitely. Besides, if the mass of living substance depends on quantity and fluctuations of the radiant solar energy, covering the biosphere, the mass of intelligent substance depends, at the first stage, on the ability of nature to “feed” mankind and, at the second stage, on that whether mankind is able to replace natural products of metabolism by the artificial ones.
Twenty eighth: If the quantity of biological organisms determined by the quantity of chemical compounds in them is endless (and, in fact, we know million species of organisms and “millions of millions of molecules and crystal structures” [16, 134]), intelligent substance, from this point of view is practically uniform. In its biological parameters peoples are mostly identical. We have mentioned above that biological component is not a determining parameter for human society. The level of perfection of mentality is a determining parameter for it. Human society is differentiated into individuals with different levels of mental development and its parameters: intelligence, sensuality, memory, thinking etc.














Fig. 9. Hierarchical structure of the system of intelligent substance of the Earth.

We will characterize briefly each level according to the modern level of development of knowledge. The fundamental level of intelligent substance is the level of mentality. We have already told that the level of mentality is a factual neuron complex, combining two relatively independent levels of the organization of neuron combinations: consciousnesses and the subconscious. The peculiar feature of the mental level is that it cannot be attached to cellular, tissue levels and even to the level of organs. This feature consists in the field organization embodied at the three levels mentioned above. But, analyzing the direction of the evolutionary process, I am more and more inclined to think that mentality is a specific organ, dominating in an organism, and with each step of evolution its functional significance becomes greater in comparison with other reacting organs. Taking into account the rates of development of medicine and bioengineering, it is possible to surmise that mentality led by conscious activity, will replace completely natural organs with artificial implants, i.e. the products of its own activity.
The second step of hierarchy is the ontogenetic level (the level of development of personality), which considers the human as the integral biological-social system, consisting of interdependent and co-ordinated elements and their interrelation and constitution are determined by their functioning as a single whole. The ontogenetic level manifests itself, on the one hand, in morphological and physiological changes, occurring in the organism of an individual from the moment of birth and to his physical death, and, on the other hand, in the individual formation of mentality. At the ontogenetic level a human person is considered as an indivisible social unit – - an individual. At this level the consideration of peoples is not limited by natural (biological) framework. We consider the social creature, which uses tools and unlimited abilities of mentality, and thus begins to master his own behaviour and mental processes.
At the ontogenetic level the human reveals individual features characterized by unique mentality and personality of an individual. The individual features of a person show themselves in temperament, character, interests, the quality of perceptive processes and intelligence, needs and abilities of an individual. The precondition of the formation of individual qualities of a person is anatomical-physiological disposition, which is transformed in the process of education, which is socially determined and generates the wide variability of individual characteristics [27].
Thus the ontogenetic level is cheracterized by such features:
а) the transition from natural (biological) parameters to the social significance of an individual;
b) the consideration of a person as a social unit, which, on the one hand, influences the material world as a social object and, on the other hand, is subject to the influence of social mechanisms;
c) the formation of individual features of a person, which characterize his mental parameters;
d) the consideration of biological and mental parameters from the moment of birth of an individual to his natural death;
e) the ontogenetic level is the level of a becoming of personality, an intellectually advanced, spiritually rich and physically perfect person.
The third level of the hierarchical structure of human society is the level of a microsocial group. At this level the exchange of information, substance and energy in the framework of a family, a manufacturing association of workers of a firm and a territorial community (inhabitants of a village, city, area) are considered. Each microsocial group is characterized by a certain structure, which is formed under the influence both of the external environment and inner-group interpersonal relations. The microsocial groups can be diveded into purposeful (formal) and social-psychologic (informal) groups. The formal microsocial groups function according to the preset (usually, officially fixed) aims, positions, instructions, statutes. Social-psychologic microsocial groups are formed on the basis of personal sympathies and antipathies. In formal groups there are also informal relations between its members, and their successful functioning depends considerably on the harmony of formal and informal structures of a group [45]. 
The characteristic features of this level are:
а) the consideration not of separately taken individuals, but of their groups, small in number, but, anyway, influencing the formation of individual qualities of particular representatives of society ;
b) the direct contacts of members of microsocial groups with each other;
c) the spontaneous character of the organization;
d) microsocial groups are created for the achievement of definite purposes and regulate their structure and relations with the help of the hierarchical authoritative structure, formalized communications, procedures of making decisions and sanctions.
Thus the level of a microsocial group is a level of a family and a group , which are formed under essential influence of individual features of members of society. But thus the degree of influence of microsocial groups on the process of ontogeny of a particular person is very high.
The next level of the structure of human society is the level of a microsocial group. The level of a microsocial group is a group of people existing in the framework of society (a country) as a whole. It includes the exchange of information, substance and energy in the scales of social strata, classes, professional groups, an ethnic community (a nation, a nationality, a tribe), age groups (youth, pensioners) etc. Speaking about the level of a macrosocial group, we for the first time begin to speak about society, though not about human society as a whole, but about the community of a particular state, region, part of the world. These communities together form human society with the sphere of its existence, or in other words, the noosphere of the planet. In the framework of a macrosocial group one persin is a drop in the bucket. As such he is not of certain interest for society. It becomes to be so, when a person becomes the head of one of microsocial groups and its organic part. Together they form a macrosocial group. Only together with other people, colleagues, the associates, a particular person can be of interest for a macrosocial group.
The characteristic features of this level are:
а) a macrosocial group is an aggregate of a certain number of microsocial groups. And this means that for the level of a macrosocial group a particular person is not of special interest. He is just a small screw in a huge, complex mechanism;
b) while considering a level of macrosocial group, we for the first time begin to consider the society. It is not human society as a whole in question, but only communities of particular states, regions etc. But these communities have complex intrinsic structure, various external communications, which together bind macrosocial groups in a single whole – in civilization;
c) at this level the political, economic and social structure of society is formed;
d) from this level on we have the right to speak about the influence of macrosocial groups on the development of the noosphere, and also on the processes, occuring in the world of nature. Speaking about the relations between nature and society, we mean the relations between the level macrosocial groups and the level of ecosystems of the world of nature.
 So the level of macrosocial groups is human society in the framework of a state, region etc. Political, social and economic institutes are formed in it and they enable a macrosocial group to successfully function and build the relationships at three levels: а) at the level of its own intrinsic structure (between microsocial groups included in a macrosocial group ); b) at the level of human society on a global scale (at the level of civilization); c) at the level of interaction of society and the ecosystem, which serves as the framework for the development of a particular macrosocial group. This last level is very important and in many respects determining, since the richer are the natural resources of a region inhabited by a community, the more independent and stable is its social system, its position in world politics and economy.
And the last step of hierarchy is the level of the noosphere. The level of the noosphere is not only human society as a whole, but also the cumulative creative activity of society. “The noosphere is a new geological phenomenon on our planet. Peoples for the first time become the largest geological force in it. They must and can reconstruct radically the territory of their life by their work and thought in comparison with what was earlier” [14, 303]. The noosphere is a synonym of concept of the system of intelligent substance of the Earth [7, 8]. By considering the noosphere, we speak about realization of the system of intelligent substance of a particular material object – the Earth. The characteristic features of the level of the noosphere are:
а) the complex consideration of human society and the results of its activity in scales of the planet of Earth;
b) the level og the noosphere renders the main influence on course of processes in the parental system, i.e. the world of nature;
Thus the noosphere is a new geological epoch of the Earth.
So the hierarchical structure of the system of intelligent substance of the Earth is diveded into five main levels of the exchange of information, substance and energy. Each subsequent level of hierarchy depends in its functioning on previous levels and is determined by them.
22. Thus we present a new cosmological model of the universe. It does not deny the working Kant-Laplas model, but enlarges and expands it essentially. If Kant, for example, considered that there is a law “according to, which intelligent creatures are allocated according to their relationship to a common center”, whence, hence, “the lowest and the least perfect species of them, which constitutes the beginning of intelligent creatures, is in that place, which can be named the beginning of all universe, whence they together with it fill all infinity of time and space in identical advance through indefinitely growing steps of perfection of energy of thinking, more and more coming nearer as though to the goal of the highest beauty – to a deity, which, however, they never can reach”​[44]​, we suggest the following.
First of all, the material world is boundless cosmic space, which can not be viewed wholly even by means of the most potent telescopes. Or rather it is only a part of the universe. It is only the seen system of the first state of substance – inert substance. The evolution of the material world continues and deepens, from simple to complex, from complex to special. The settled structures of inert substance are planets, which create objective conditions for originating of a transitional form, i.e. bioinert substance. Micromolecules of inert substance are built in complex structures of macromolecules of bioinert substance, thus forming a new property of substance – its functionality.
But the process of the universe continues and goes over to the following qualitative step – a secondary state of substance, which is based on dissymmetrical integration of macromolecules in biopolymers of living substance and, accordingly, the organization of complex functional activity of substance. The second stage of the universe is living substance, which is limited in its existence by the framework of a material object. The highest perfection of living substance is manifested in the formation of a transitional form – biointelligent substance, which prepared the birth of the third state of substance and, accordingly, the third main property of substance – its ability to association.




Chapter 3. The origin of mankind
(in light of a new cosmological conception)

23. Before proceeding to the question of the origin of mankind, it makes sense to analize retrospectively of the available variants of answers. For the history of science knows a lot of attempts to find out the cause of the transition of higher animals to homonids and subsequently to Homo sapiens.
Variant 1. It was offered at the dawn of civilization and is concerned with the organizing role of this or that deity. God is the first cause of the origin of mankind. But such categorical answer induces a desire to know divine nature. What is a “supernatural force”, a “Deity”, which created mankind? Is it a symbol created by church and used as a basis of its power over people? Or is it a higher state of substance? Or, may be, He is a really existing (in his space-time) a first cause underlying the universe?
This problem is confused largely due to the fact that, as we learn from the history of science, much of that, which had been attributed to divine influence, appeared after serious consideration a natural phenomenon, determined by the laws of the organization, development and interaction of matter. After the analysis of literature devoted to this question, I am afraid I have to leave this variant without critical consideration, as, generally speaking, there is nothing to criticize. There are no argumented statements about the influence of God on the development of life and reason on the Earth. And the criticism of the fact of the existence of God is by no means my intention.
Variant 2. The second variant of the answer is linked with the theory of evolution of C. Darwin. According to Darwin and his followers, the transition from arboreal monkeys to hominids and subsequently to humans is linked with the influence of organic laws of evolution: natural selection, heredity and the struggle for existence. This variant of answer had been accepted for more than a century and was offered as an alternative to the influence of God on the origin of mankind. Many scientists adhere to it till now. But despite its outstanding role in the history of science, the conception of Darwin, from the point of view of modern studies, does not comply with a number of generally accepted provisions. Acknowledging the scientific genius of Darwin, we should admit that the application of organic laws of the theory of evolution to anthropogeny was initiated not by Darwin, but by his followers, mainly, by E. Heckel. Darwin himself was very cautious to such views​[45]​.
Why is the conception of Darwin insufficient concerning the question of the causes of transition of higher animals to hominids and to intelligent humans? First, the theory of evolution of Darwin insists on a certain sequence of morphological and physiological changes. And, in fact, for the world of nature such statement is proved by abundant and various data. But as to humans, the theory of Darwin faces insurmountable difficulties. The main difficulty is that paleoanthropologists, despite careful repeated investigations, acknowledge the fact of discontinuity of evolution. There are no transitional forms between Australopithecus, archeoanthropus, paleoanthropus and neoanthropus. They are self-sufficient and different from each other. Paleontologists only have to confirm the fact of changes, but the cause of these changes remains undiscovered.
Secondly, the conception of Darwin at the best indicates morphological transformations in the phylogenetic tree of Homo genus and his ancestors, leaving without attention neuro-physiological changes. But modern science has already authentically established that morphological transformations are much less omportant in comparison with the changes in neurophysiology. Therefore, the conception of Darwin can only indirectly indicate the effective causes of the origin of mankind.
Thirdly, during last decades the expediency and legitimacy of the application of laws of natural selection, struggle for existence and hereditary variability to human society is strongly doubted. If for living substance the validity of these laws is quite certain, for human society their influence is in most cases far-fetched.
Fourthly, the theory of evolution of C. Darwin can by no means determine the cause of the transformation of higher animals into hominids, since the main field of its application, and accordingly, all its demonstrative data concern only the biological nature of humans. But, as we know, it is of seconadary importance for peoples. The theory of Darwin is not applicable to the evolution of the fundamental level of intelligent substance – mentality (in particular, the subconscious and consciousness).
Therefore, as a whole, this variant of the answer has no future.
Variant 3. The third variant of the answer to the question about the causes of the origin of mankind was suggested by K. Marx and F. Engels developed by marxist-lenin ideology. It indicates labour as “the eternal, natural condition of human life“ [45, 696]. According to Marx and Engels, labour played the main role in the formation of peoples. F. Engels emphasized that it is due to labour that the functions of arms and organs of speech were developed, also gradual transformation of the brain of an animal into the advanced human brain occurred, and the organs of sense improved. In the process of labour humans enlarged their outlook, improved their perception and thinking, their activity became more conscious. All history, according to classics of marxism, is no other than the formation of the human by means of work [45].
In my opinion, this idea, having fulfilled its positive role, lost its meaning now once and for all. Here are the moments, indicating its obsolescence. First, this idea does not comply with elementary logic: a consequence precedes a cause. Work is a consequence of radical changes (causes) in the brain of higher animals and hominids. Work can not cause development of organs of speech and, especially, underlie the transformation of the brain of an animal into the highly developed human brain because work itself is the elementary efferent (i. e. going from the brain) stimulation of executive systems of an organism (motor systems). In the chain “brain – work”, work is less important in comparison with the predominant influence of the brain activity.
Secondly, this variant of answer contradicts the data of neurophysiology and psychology, which indicate the priority of the brain activity in the behaviour of humans in all their ontogenetic manifestations.
Thirdly, work, in itself, is ontogenetic phenomenon. I do not deny the fact of influence of the ontogenetic level onto the previous level of mentality (fig. 9). But, of course, this influence is unsignificant in comparison with those grandiose transformations, which follow the changes at the fundamental level of intelligent substance.
Thus the third variant of the answer to the question about the origin of mankind, in my opinion, also can not be considered satisfactory. It is a mistake to base reasonings on information of minor importance. Work as an ontogenetic phenomenon is a consequence of those processes, which occur in consciousness and the subconscious, i.e. at the level of mentality.
Variant 4. For the first time I came across it in Alan Elford's book “Gods of a New Millenium” [51]. The main idea of Alford’s research is that mankind (transition from higher animals to first hominids) originated thanks to an elementary surgical operation of higher representatives of intelligence (extraterrestrials) into the system of nature on the Earth. According to Alford, the surgical removal of two chromosomes at monkeys was the cause of the formation of preconsciousness of Primitive Man, the subconscious and consciousness of neoanthropus etc. The author collected convincing data in the book, which, in his opinion, propose definite solutions of actual problems of modern science.
However, the conception of Alford, from my point of view, misses the following moments. First, it does not agree with anthropogeny, i.e. contradicts the history of development of mankind. Alford asserts that the surgical operation of extraterrestrials occurred about 200 thousand years ago, and thus he makes this time interval the key period of the transition from life to intelligence. But such assumption contradicts the following data: 1. The process of cefalisation of Dana. According to Dana, the development of nervous system is directed, natural, intermittent process, which has taken 570 millions of years. 2. The consequences of Dana’s law. If we accept the conception of Alford, the extraterrestrials should have interfered with the development of life on the Earth at least six times, as there are six basic groups of living organisms existing on the Earth. 3. Alford’s dating of the key transition from life to intelligence 200 thousand years ago contradicts paleontologic investigations. The established and accepted term of the transition from life to intelligence is 2-3 millions of years.
Secondly, Alford’s conception does not explain the main thing – the history of originating of higher forms of intelligence (the extraterrestrials themselves). Alford “explains” the origin of reason only on the Earth, on the one particular material object. But we are interested in the explanation of a first cause of originating of intelligence in the universe. Given the extraterrestrials really stimulated the development of intelligence on the Earth, who stimulated the development of intelligence of extraterrestrials?
Thirdly, Alford’s conception contradicts the principle of universality of laws, which underlies all modern science. The matter is that the researches of Chizhevsky, Vernadsky and others indicate the universality of the laws of the universe. The laws of the organization of substance, i.e. inert, living and intelligent matter on the Earth are certainly identical to the laws of the organization of these states of substance on any other material object. This universality of laws underlies cosmology, astronomy, physics and a lot of other sciences. Alford’s conception has to recognize either the existence of superintelligence, which fulfilled the transition from life to intelligence by surgical operation in the universe, but thus the question about the causes of the origin of superintelligence remains unanswered, or the conception of Alford has to deny the universality of the laws of the organization of intelligence and, in this way, one of main principles of modern science.
Thus, in any case, Alford’s attempt to answer the question about the cause of the origin of mankind (the representatives of intelligent substance) is not successful, since it returns us to the geocentric model of the world, which cuts the Earth off space and excluds from the analysis the fact of universality of laws of the universe.
Variant 5. I met the fifth variant of the answer in B. F. Porshnev's wonderful monography “On the Beginning of Human History” [33]. I do not know in what degree prof. Porshnev is a pioneer in his research, but they certainly deserve close examination and discussion. In our book we are going to come back repeatedly to them and use the conclusions of prof. Porshnev in order to confirm the provisions of our conception.
The answer of prof. Porshnev to the question on the causes of the origin of mankind is based on the fact of neurophysiologic changes, in particular, the evolution of speech. “...So far we have considered so-called higher functions. All of them, including thinking, are derivatives of speech function. Speech is not the instrument of thinking (this illusion has long prevented us from understanding the fundamental value of speech), but thinking is a result of speech. All higher functions of human mentality are not heterogeneous, but homogeneous: all of them are the branches and fruits of one tree, which trunk and roots is speech” [33, 151].
It is difficult for me to oppose prof. Porshnev, as a number of his conclusions and views agree with my researches, moreover, I borrowed some of them as proofs for my own reasonings. But nevertheless I would like to make a number of critical remarks. First, in my opinion, prof. Porshnev attaches too great importance to the evolution of speech. Taking speech as a basic problem of his conception, he thus unreasonably lowers the value of other neuron combinations of neocortex. The importance of speech centers is certainly very big. But they are not unique and, moreover, do not dominate in consciousness and subconscious activity. What would be speech centers without the accumulating capacities of neuron combinations of short-term and long-term memory, the stimulating activity of reticular formations, the distributive activity of thalamic nuclei, the coordinating activity of the volitional mechanism etc.? When we speak about conscious and subconscious activity, we do not mean the work of speech centers exlusively. No. It is consolidated work of neuron combinations of neocortex. It is complex, field mental activity.
Secondly, unfortunately, in his book prof. Porshnev does not clearly differentiate between the evolution of speech and of the second signal system. These are not identical concepts, since speech is the complex work of speech centers, whereas the second signal system is the integration of neuron combinations of neocortex among, which we can distinguish memory, reticular formation, thalamus etc. This confusion of concepts, in my opinion, prevented prof. Porshnev from understanding a cause of the transition of higher animals to hominids and subsequently to intelligent beings.
Therefore, despite of a high level of researches of prof. Porshnev, we have to state that his variant of the answer to the question on the cause of transition of life to intelligence is not satisfactory, as it misses a number of important neurophysiologic transformations.
Variant 6. Here I am going to offer my answer to the question on the causes of the origin of mankind. In my opinion, the origin of mankind is conditioned by complex changes in the brain concerned, first of all with the formation of mentality and a new property of substance – its ability to association. The origin of mankind became possible after the appearance of neurons with radically new functional abilities on the basis of the neuron level of biointelligent substance. These neurons now perceived the external world not as a source of energy and substance, but as information. For them the world took the air of information. Being integrated in the single neuron formation, which was located not only at the neuron, but also tissue and in part organic levels, this combination of neurons turned into dynamical, fluctuating biopsyfield. The brain transformed into a singular organ – mentality, which began to exist according to its own laws. For mentality the external world turned into a source, which at the first stages of ontogeny filled the intrinsic levels of mentality (its internal information base) by conditioned information. The influence of the external world on the formation of mentality did not go any further. Later in the course of analytical activity this and other conditioned information was processed, modified lots of times, till after all a qualitatively new kind of information – the associative one – was formed. The mental activity is completely based on the activity of the internal information base where the dominating role belongs to associative information, which, as such, does not exist in the external world. The mentality began to develop in the information space, which is not identical with the conditioned (objective) information of the external environment. It began to surround itself by this nonidentical information. The associative information began to be actively embodied in the end products of work through creative (conscious) activity. The cumulative creative potential embodied in various products of work for all the period of anthropogeny, resulted in the formation of the sphere of existence of intelligence – the noosphere. The noosphere is the associative information materialized in the end products of work.
Thus, in my opinion, the origin of mankind is conditioned by the essential features of development of mentality, its components: the subconscious and consciousness. We will consider the main stages of this development below.
24. The origin of mankind, the birth of intelligent substance on the Earth occurred in the period, which I called the stage of the Primitive Man. The stage of the Primitive Man is the first stage in the development of the space-time of intelligent substance on the Earth. Its beginning may be dated possibly 2 million years ago, when African monkeys divided into two branches: the first one resulted in apes, another one developed into the first hominids (Australopithecus). This stage ended about fifty thousand years ago, shortly before the appearance of neoanthropus. The stage of the Primitive Man is divided into three phases. Each of the three phases corresponds to the stages of development of neurophysiology of the brain, mainly, the neuron combinations of speech centers, memory etc., which subsequently, in the course of integration with other structures of the brain (reticular formation, thalamic nuclei etc.), resulted in the formation of elementary mentality (tab. 1). 
At the stage of the Primitive Man the neuron complex of biointelligent substance was transformed into the field mental life. All three main representatives of the Primitive Man: Australopithecus, archeanthropus and paleanthropus – were formed as a result of ontogenetic realization of all those transformations, which occurred in organisms of hominids in the process of the formation of mentality.
25. What basic changes underlay the transition of structures of biointelligent substance to the first representatives of intelligence? There is no unequivocal answer to this question. The changes had complex and correlative character. The important thing is that all of them were concerned with various complex changes in neurophysiology of the brain. The border between life and intelligence, between biointelligent and intelligent matter was at the level of neuron combinations of the brain. We will analyse these changes in general to clear up the essential features of the third state of substance and assess the key changes in the brain, which in the course of some million years raised the higher forms of biointelligent substance to modern level of development of society. But first a few preliminary remarks.








Intellectual and cultural achievements	Enriching of contents of specch sound, intonation	Beginning of the use of a mimicry and gestures in a daily mode of life  Development of phonatory chords	Ritual dances, songs and music Myths    Naturalistic painting and sculpture  Geometrical figure  Symbolism  Myths about creation of the world  Pictographic writing
Social organization	Consolidation of blood ties	Small communities	Couple families  Totemic kins  Funeral and hunting ceremonies,   Kin, blood-related families Settlements  Ceremonies in honour of fertility  Exorcists of a rain and kings of a grain  Originating of social distinctions   Ritual exchanges
Equipment and processes	Fire Cooking food  Roasting  Currying of skins	 Clothes, sacs and baskets  Belts and cords  Nets and tackle“Elaborating” of the instruments found in nature up to necessary “perfection”	Clay vessels on twigged basis  Polishing, drilling, sawing   Pottery  Spinning  Weaving  Arundinaceous and clay huts, wooden houses   Batch of bread and preparation of drinks
Instruments and materials	Stone instruments  Hand instruments and weapons	Instruments with handles: hammer, axe, spear	Bow and sling  Bow drill  Artificial making fire  Main stone instruments   Axe, mattock  Weapons  Hand mills  Rough carpenter works  Ornaments from physical gold and copper
The main method of obtaining food and transport	Gathering and hunting  Organized hunting on big animals	Canoe  Fishing and trapping  Complication of hunting  Development of collecting; preparation of products for the future	From appropritaion to production of the gifts of nature  Agriculture.    Mattock agriculture  Domestication of animals for reception of nutrition, a wool, for transmission of weights and as draft-cattle; a clump of the foodstuffs.   Plough   Constant fields
Changes in neuron complexes	Development of neurons and neuron connections specializing at work with the conditioned information   Development of receptors and neuroconducting canals. Receipt in the brain of new chemical matter 	Differentiated development of speech centers New functions of neurons   Development of short-term and a long-term memory  The tendency to integration new neuron complexes 	Formation of pre-consciousness  The elementary organization of the second signal system  Development of energy of the brain  The organization of a new cycle of an exchange by energy, the information and substance – a cycle of preconsciousness
Period 	The First stage(the epoch of Paleolith)	The Second stage(the epoch of Mesolith)	The Third stage  (the epoch of Neolith) 


Tab. 1. The stage of the Primitive Man.

Secondly, the influence of the external material environment is an important factor of the transition from life to intelligence. This question still needs to be cleared up. There is no exact definition of the term “external environment” in modern science. Therefore, as a rule, it is undestood as a complex of external stimuli-irritants. But, in fact, the external environment for each state of substance is the world differentiated into various spaces. Each of these spaces has its object of influence. For example, for the space-time of intelligent substance the external environment is divided into four basic spaces with many-sided complex influence. Certainly, mankind is influenced first if all by the space-time of living and biointelligent substance. But we should not overlook the influence of the spaces of bioinert and inert matter, for the system of intelligent substance depends on their condition. of We will get deeper understansing of this question, when we discover the geometrical (mathematical) foundationss of the universe, which is the matter of the nearest future. I am sure that the transition from one state of substance to another (from one space-time to another) is regulated by a universal law, which determines the hierarchy of the universe and enables us to predict the birth of a more perfect in its intrinsic organization system from another fluctuating system. And so the possibility to foresee the birth of main stages of the universe, their fluctuating growth determine certain dependence of one stage of the universe on the other one. This correlative dependence, along with continuous fluctuating growth of hierarchy, is the main factor, which unites the material world in a single whole.
Thirdly, the transition from life to intelligence was not based on casual changes. The birth of intelligence on the Earth, as well as the birth of living substance, was a complex and large-scale event. Mankind did not have one or two ancestors (such as biblical Adam), but most likely, a whole class of arboreal monkeys crossed in its development the line, which separated higher animals from hominids. Casual changes could not have such radical consequences. Because they would perish in competitive struggle for existence. Only complex changes, large-scale transition from one state of substance to another can guarantee the initial stability of a new stage of the universe. Any new state of substance arises not structurally, but as a system, not by parts, but as a whole. In a word, it is formed though as an elementary, but nevertheless, stable structural organization.
Fourthly, the transition from the state of living substance to the space-time of intelligent substance is based on a radically new “information environment”. The concept “information environment” is quite different for spaces of living, biointelligent and intelligent substance. For living and biointelligent substance the information world is, first of all, the world of substance and energy, which contained information on environmenal conditions. For these spaces information, as such, is a secondary phenomenon. It is immanent in the circulation of substance and energy fundamental for living and biointelligent substance. It is not independent and only is implied in a certain energy unit or chemical substance. Accordingly, the neuron complexes of higher structures of living and biointelligent substances, which organize the process of interaction of organisms with the external world, receive external stimuli-irritants not as information, but as energy or chemical irritants. We need only to recollect reflex activity (reflex arc) in the space of living and biointelligent substance, which consists in the transmittal of action potential from neuron to neuron. Thus the global space-time of life​[46]​ is complex-functional. And it forms its interrelation with the external environment within the framework of complex functionality.
In the space-time of intelligent substance the situation radically changes. A new global property of substance – the ability to association – is formed along with functionality. This new property of substance is concerned with radical revision of rules of interrelations inside the material world. If in the states of living and biointelligent substance these interrelations were formed on a complex functional basis (they underlay the basic circulations of the exchange of substance and energy), in the space-time of intelligent substance these interrelations began to base on the new property of substance – its ability to association. In other words, for intelligent substance the external world became the mass of energy and substance, a certain united fluctuating magnitude, which received the name of “information”. In the space of intelligent substance information is the totality of energy and substace. The system of intelligent substance does not deal with the world of energy and substance, but with information, whereas the value of the latter varies dependently on the predominance of energy or matter in it. The basic circulation in the space of intelligent substance is the circulation of information the quantity and quality of, which reflects the level of perfection of the system of intelligence. The space-time of intelligent substance is information space in, which substance reveals the new property – associativity. Associativity of substance is a certain complex of operations including reception, processing, storage and extraction of information. As a result of this complex of operations the spaces of inert, bioinert, living and biointelligent substance , which used to be integral, are filled by various information, which helps the space-time of intelligence to ensure its existence in the structure of the universe. Thus the substance, which occurs in the space-time of intelligent substance, is considered as associative magnitude with immanent information contents. Outside the space-time of intelligence the information contents of substance is differentiated again into potentials of energy and substance, its constituents.
26. The origin of mankind is inextricably related with the stage of the Primitive Man. The consideration of this stage does not include the problem of social development. Society as the system of intelligent substance of the Earth developed at subsequent stages (at the stage of neoanthropus). At the stage of the Primitive Man we deal only with the becoming of intelligent substance as the third state of substance. We observe how the intelligent substance asserted its right on life, resisted to destructive then influence of the system of living and inert substance. The main criterion of the transition of mankind from the stage of the Primitive Man to the stage of neoanthropus, according to my conception, is the moment of formation of elementary mentality in the brain of hominids. The formation of neuron level of mentality is that border behind, which the stage of formation of the system of intelligent substance on the Earth and the development of modern society begins.
As we stated, the transition of the space-time of biointelligent substance into the state of intelligent substance was conditioned by the changes in neurophysiology of the brain. That is why the origin of mankind is inextricably linked with neurophysiologic parameters. It is time to indicate such basic parameters​[47]​.
First: The substantial work of the brain with the information environment changed. The point is that the conditioned reflex activity of all higher animals without exception is based on the unconditioned reflexes fixed in each organism at the hereditary level. This fact was first established by Russian physiologist I. P. Pavlov. The dependence of conditioned programmes on hereditary mechanisms decreased considerably the range of possible variants of behaviour of higher organisms. If for the initial stages of evolution this dependence favoured the rapid development of the space-time of biointelligent substance, by the end of Phanerozoe it could not satisfy any more the need in information exchange of the most advanced structures of life. So the evolution of neuron level underwent an important turn. An independent neuron complex – preconsciousness – were formed on the basis of evolving neurophysiology of the brain. The preconsciousness of the Primitive Man is “separated” for the first time (or rather very remote) from the hereditary programmes, independently acting conditioned programmes. For the first time the self-sufficient cycle of the information exchange began to be organized in the brain of Australopithecus on the basis of neuron and tissue levels. Due to the separation from hereditary programmes and dominance of programmes developed in ontogeny the external world transformed for the Primitive Man into information space. A Primitive Man “viewed” the external world as nobody before – as information. Information and the need in information became for him the necessary condition of life. 
Second: At the stage of the Primitive Man the differentiation of sensory centers occurred. If the sensory center in the brain of biointelligent structures was an integral independent combination of neurons, at the stage of the Primitive Man the situation changed. The sensory center began to lose its predominant influence. It was divided into a lot new neuron combinations, which together with new cytologic formations generated the neuron combinations of memory and speech. This differentiation consisted not only in division. It was the intensive birth of new layers of neurons with modified intrinsic structure (and, accordingly, new functional capacities), which in aggregate formed the work of preconsciousness. So along with the old structure inherent in the brain of biointelligent substance, there appeared a new complex of neоneuron combinations, which formed the self-sufficient level of preconsciousness. Due to more intensive circulation of information in preconsciousness the degree of actualization of this complex (its influence on ontogeny in the course of the stage of the Primitive Man) steadily grew. Finally, the work of the neuron level of biointelligent substance lost its functional importance and gave way to the work of preconsciousness, which later transformed into the subconscious and consciousness.
In my opinion, the evolution of the brain developed by two ways. The first is the reorganization of “old” neuron combinations, which along with former functions began to perform new, unspecific for them work (for example, reticular formation, thalamic nuclei etc.). The second is the formation of new neurons, with new interneuron junctions, which in the process of integration developed a range of new functions. These neurons became subsequently the base for the formation of frontal lobes, neuron combinations of speech centers, short-term and a long-term memory etc. 
Third: The origin of mankind is inextricably linked with the local and complex development of three speech centers. At the stage of the Primitive Man we deal with the development of differentiated, not linked with each other Wernicke’s and Broca’s neuron centers and the visual-speech center. Their “isolated” development, till the end of the stage of the Primitive Man, prevented the main transformation, the next step in human development – the organization of the second signal system.
In considering the differentiated work of the speech centers at the stage of the Primitive Man, it is necessary to take into account that we do not mean the phonographic alphabet, the artuculate speech. During this stage information was fixed by means of certain symbols (certain combinations of twigs, arrows, smoke of fires and signals of that sort), which allowed to keep and transmit it in daily life​[48]​. At the stage of the Primitive Man we can not speak of speech literally. All this period was the time of the preliminary organization of conditions. It was the process of improvement of forms of sound expression of “thoughts”. Certain newborn neuron combinations took functions of the organization of sound signals. Others specialized in the perception and recognition of uttered sounds and evolved in these limits. The third group of neuron combinations began to specialize in the association of visual objects with uttered signals and developed within these limits.
The improvement of sound signals, oral-aural dialogue between ancient people occured not so much under influence of the external material environment (though we do not deny its influence), but in the course of the evolution of speech centers and elementary mentality in general And the course of the evolution was conditioned by the laws of the organization and development of intelligent substance. The evolutionary process was directed toward:
1) closer and fuller interaction with the conditioned information environment (internal and external);
2) independence of neuron structures of the brain from reflexes and their rise on the level of correlative relations, which were based not on simple “reacting to information”, but at active (associative) work with it.
In the course of anthropogeny speech centers also developed as differentiated parts of neоneuron complex of mentality, and as a single integrative center with steady intrinsic ties. As the integral system, the speech center appears in the brain of neoanthropus. In prof. Porshnev’s opinion, the problem of the origin of Homo sapiens (neoanthropus) the problem of the origin of the second signal system. He is convinced that all previous activity of hominids, from ramapithecus to paleoanthropus, testifies to the absolute absence of speech and, accordingly, neuron mechanisms, which ensure it [33].
Prof. Porshnev established that for neoanthropus the average size and weight of the brain is for the first time a neutral parameter though for all previous forms of the Primitive Man it is one of the basic ones. Besides, till neoanthropus the brain of all honinids increased in its length due to increasing back regions. In B. F. Porshnev's opinion, only the neoanthropus’ brain reveals the intensive alteration of height diameter: in frontal and parietal lobes the epicentres of growth move from the bottom to top parts. Also the prefrontal region begins to rapidly grow, and the surface of the brain begins to raise and becomes even in his arch [33.]. “It is interesting that presumably in the highest and also the youngest point of the arch of our brain the “initial” center of speech function is located”​[49]​ [33, 419].
The study of the genesis of the second signal system led prof. Porshnev to another important topological conclusion. He established that “high in the cortex structure of the brain of Homo sapiens, ahead of the middle part of precentral convolution there is a section which is responsible for elementary graphic actions which thus are concerned with rather early stages of genesis of the second signal system. At the dawn of paleolith people could “draw”, though were not quite able “to talk” in modern sense. So the roots of written speech are in that antiquity” [33, 420].
The “communication” of hominids is more perfect than the “communication” of higher animals. Sounds begin to have more complex meaning, they grow in number. Also they are complemented with the complex and rich language of mimicry and gestures. The communication of hominids overstepped the limitss of signaling of danger or other information conditioned by the reflexes of self-preservation. For the first time it touched the questions of everyday life, activity and turned into communication, which implies the afflux of the conditioned information.
The essential feature of the organization of neurons, on the basis of which speech centers were formed, was that as a result of their interdependent, generating, chemical-transforming activity was formed the ability to the organization of a common synoptic code, which was based not on a sound signal, but on its meaning. This evolutionary step caused the transition of the nervous system to a qualitatively new level of development, which predetermined the increase of volume of information, its better processing and storage.
Fourth: There occurred qualitative reorganizations in the intrinsic structure of neurons of the brain, and also changes in the interneuron organization of communication. The separation of conditioned programmes from hereditary mechanisms was caused by the appearance of neurons with new structure in neuron combinations of the brain. These neurons were focused exclusively on the work with the conditioned information. For these purposes they had not only well-developed mechanisms of interneuron neurotransmitter transmittal of the information, but also elementary mechanisms of intraneuron transmittal. Thus they did not simply react to information from an external stimulus, they began to interplay, “work” with this information, for the first time showing the ability to its association. It concerns, first of all, the neurons of memory (long-term and short-term) and speech centers. Modern explorers indicate the fact of specialization, existing in neuron environment. All neurons and their combinations are responsible for their “work”, and their functions only in part cover each other. It is generally accepted that till the stage of neoanthropus the mass and volume of neurons had steadily increased. According to the researches of paleontologists, the mass of the brain of paleoanthropus increased essentially in comparison with its predecessors and amounted to 1500 g. R. Balandin gives the following figures: “for a million years (a small interval in the geological history) the volume of the cranium quadrupled, whereas the amount of nervous cells and the complexity of the brain – in several ten times” [9, 180].
New formations of neurons of the brain could not exist and function normally separately from each other. Their characteristic feature was consolidation in a single, dynamic neuron organism. In the course of the first phases of the stage of the Primitive Man (first 1,5 million years of the evolution of mankind) they formed together a self-sufficient neuron complex to, which I called preconsciousness. Preconsciousness is a combination of neuron and tissue level in a single neuron complex, which carried out field work with the conditioned information. Thus we can not differentiate the brain of Australopithecus on neuron, tissue and organ level. The neuron and tissue levels were integrated and formed the single neuron level of preconsciousness, the work of which was radically different from the work of the brain of biointelligent structures. It is confirmed by the ontogeny of Australopithecus as well: their mode of life, erect posture, use of simple tools, inner-group and intergroup communication. I.e. the first forms of intelligent substance were specific, in comparison with life, not ony of their complex functional activity, namely, the ability to elementary association. In other words, their behaviour was inadequate to influences of external stimuli-irritants. It did not fit the usual for living and biointelligent substance forms of behaviour.
Fifth: The change of intrinsic structure of neurons was preceded (and for a long time accompanied) with the uptake by an organism of additional chemical elements, which had not been characteristic of the internal chemical environment of an organism earlier. It is caused, first of all, by the enlargement of the assortment of food used by hominids in comparison with higher animals. Meat, cooked and fried food became normal for the Primitive Man. This food being digested by an organism brought additional components into its internal energy balance and circulation of substance, which were involved in intrinsic processes, thus increasing a field of modulations both in the organization of energy balance of an organism and in the chemical circulation of substances.
Sixth: The topology of the brain changed. This question needs to be thoroughly studied. There is a lot of empirical and factual material, but there is no agreement as to how to treat it. From our point of view, the point is in the change of the substantial basis in the space-time of intelligent substance. In spite of the fact that many explorers try to find out a genic basis of human characteristics​[50]​, I am convinced that it is not the molecular-genetical level that underlies the space-time of intelligent substance. The space-time of intelligence is the evolution of the level of mentality. Neither genic structures, nor even separate neurons play any significant role in the space-time of intelligent substance. All these are particular phenomena  of little significance, which are subordinate to really large-scale development of the whole neuron complex, a certain organ, which operates in the big hemispheres of the brain. Evolving mentality is the integration of neuron, tissue and in part of organs level in a self-sufficient, nonlinear, nonequilibrium organ located in the cortex of the big parencephalons. Here the new neuron formations are concentrated, which specialize exclusively in processing of conditioned and associative information: memory (long-term and short-term),  speech centers, reticular formation, thalamic nuclei, inner abstract image. Here there is an epicentre of all events, which transform mankind, as V. Vernadsky put it, into a “new geological force” which equals in the scale of its activity inert and living substance. I am sure that the origin of mankind is based on the evolution of the level of mentality, which includs the development of interconnected levels of consciousness and the subconscious.
Seventh: In the course of development of the human brain the essential changes occurred in the reticular formation. As a neuron combination, the reticular formation takes an important place in the work of the human brain, as well as of higher animals. Its volume makes 9% of the volume of the brain stem. The reticular formation consists of the big and huge nervous cells with a lot of synapses and their clusters (nuclei) (which was established by V. M. Bekhterev). If the reticular formation of higher animals is involved in the maintenance of reflex movements, in the human brain it functions as an energy source, which increases the initial energy of  information received (afferent). Due to generating abilities of the reticular formation it became possible at the level of preconsciousness (and also at the levels of the subconscious and consciousness, which appeared later) to reinforce the energy influence of afferent by additional energy value, which allowed to activate in the memory much bigger volume of identical information. If in the brain of higher animals the volume of activated conditioned information is proportional to energy of afferent, in the brain of hominids such proportion is absent, because the field mental life involves the generating abilities of reorganized reticular formation.
Eighth: Along with the changes of neuron combinations of reticular formation In the process of the organization and becoming of field mental life such important neuron center as thalamus was also rearranged. The thalamus is attributed the role of an entrance gate and distributive authority, through which the information about the surrounding world reaches filogenetically young cerebral structures, which have the functions of recognition of sensory stimuli and the organization of conscious purposeful behaviour. In other words, information comes either to the subconscious or to the level of consciousness through thalamus.
In the process of the organization of the level of mentality the distributive functions of the thalamus extended also. It began to work for two independent neuron complex: for a conditioned reflex complex inherent in biointelligent structures (it works till now) and for the levels of the subconscious and consciousness being formed. I.e. some nuclei continue to “distribute” information at the neuron and tissue levels, others – in the space of the field mental life.
Ninth. At the stage of the Primitive Man there occurred intensive development of centripetal and centrifugal​[51]​ nerves resulted in the increase of quality and quantity of the transmittal of impulses from external stimuli-irritants to the brain and from the brain to executive systems of an organism. The development in the brain of primates of neurons and neuron communications, which specialized in the work with conditioned information, was parallel to the development of centripetal and centrifugal nerves, linking receptors with the respective sections of the brain. New neuron formations of the brain needed the enlarged volume of information of the state of the external environment, which could compensate the separation from hereditary programmes. Therefore, the need of the brain for the quality and enlarged volume of information influnced directly the development of the structure of centrifugal and centripetal nerves, their topology and quantity. Some researchers indicate the fact of replacement of functions when nerve pathways partly modified the principle of their work and along with the unconditioned information transmitted the conditioned one and thus induced the activity of both hereditary programmes, and the programmes acquired in the course of ontogeny. These changes occurred all the time interval of the stage of the Primitive Man.
Tenth: The following change was linked with energy of an organism. The reorganization of neuron and tissue levels of the brain, the formation of new neuron structures on their basis, in particular, the neuron complex of preconsciousness, needed additional energy consumption. The brain began to “pull” more energy, which caused the change of energy in the organism. Certainly, the lion's share of energy consumtion was spent on the work of muscles, i.e. physical job. But if earlier the remained minimum was spent on work of hereditary programmes, at the stage of the Primitive Man the situation changed. A certain part of energy began to be used by preconsciousness. This additional, increasing with each stage of evolution energy consumption limited the load on other levels, first of all, physical job.  In contrast to other anthropomorphic ancestors, hominids began to spend less energy on physical job. The difference was used for the satisfaction of energy demands of developing mentality.
Eleventh: In the course of the evolution of neocortex there occurred the formation of neuron combinations of memory: long-term and short-term memory. At the stage of the Primitive Man we can talk only about neuron combination of memory as a whole concerning the organization of a level of preconsciousness. There is neither short-term, nor long-term memory in our understanding in the work of preconsciousness. At the stage of the Primitive Man only their key parameters are formed.
But as we do not have any data about the work of memory at the stage of the Primitive Man, we will consider the work of short-term and long-term memory from the point of view of modern scientific researches. The results of modern studies allow to assert that the short-term memory is conditioned by the circulation of nervous impulses in the closed circuits of neurons​[52]​. The circulation of impulses in the subconscious is preserved until there is reverberation. Reverberation is going on much longer than the time of influence of a stimulus-irritant. The short-term memory is responsible for operative retaining and transformation of data, coming from sensory organs and from the long-term memory. The necessary condition of translation of  information from the sensory​[53]​ to short-term memory is considered the act of taking it into attention [44].
The short-term memory changes gradually into the long-term memory. The long-term memory is responsible for long (from a few minutes to decades) retaining of information, and also the preservation of knowledges and skills. The long-term memory is characterized by a huge volume of the preserved information. The information, coming to the  long-term memory, causes changes not only in the structural organization of a separate neuron, but also in the structure of the whole neuron combination. It is established that the act of storing knowledge causes the increase of the synthesis of certain groups of proteins and glucoproteins at the level of the brain [44, 158-167].
Memory in itself is an extremely complex phenomenon, which differentiates into separate processes. The main are three: an imprinting (fixation, registration) of information, its storage and reproduction (or else reproduction or reading). The analysis of the phases of memory formation at the stage of the Primitive Man is an extremely complex process. At present we can only surmise of that complex of changes which occurred 2 million years ago. And it is necessary to take into account that the whole process of development of the shirt-term and long-term memory is divided into two stages: before the organization of speech (the second signal system) and after its formation.
Twelfth: One of important neurophysiologic changes concerned with the origin of mankind is the formation of the internal information base of mentality. The term “internal information base of mentality” denotes the cumulative work of a lot neuron combinations in the activation, processing, storage and extraction of information already stored in neurons of neocortex. Similar work became possible only after the development, in neurons of neocortex, of a complex of intraneuron neurotransmitters, specializing in the work with information, impressed in the neurons of memory. Thus if at higher animals, while activating conditioned reflexes, the neuron with that circumscribed volume of the information stored in it was activated, in the field mental life the situation became more complicated. First, the neuron due to a complex system of intraneuron neurotransmitters, it work with the coing information. It did not only “impressed” it, and so associated, cankered and bridged to information already stored in it, thus framing something average, similar, but not adequate to that initial conditioned information, which in it has acted. Second, this already average, associated information while activating a neuron was taken not completely, and parts, in dependence on energy of a interneuron neurotransmitter, activating a neuron. In other words, the work of a neuron becasme againcorrelative and is unpredictable. As a result of it in the brain the dissipative, easy activating “depot” for information, which was only relatively adequate to conditioned information of environment, was formed. The internal information base was formed on the basis of neuron combinations of the long-term and short-term memory, partly speech centers, and substituted more and more the influence of external stimuli. In the process of the formation of mankind the influence of the internal information base in mental life was growing. The influence of the external environment was efficient till the period of becoming of mentality (till its maturity), i.e. until the neuron combinations of memory became filled. But in the process of their filling the influence of the external environment (external stimuli-irritants) was replaced by the activity of internal stimuli, which were coming from the associative information of the internal information base. Mental life is the field work with the associative information of the internal information base. In fact, mentality does not deal with conditioned information. An important place in its work belongs to internal stimuli-irritants, which activate the memory centres, storing information and so stimilate the work of biopsyfield.
The becoming of the internal information base means the widening of the range of activity of neuron combinations of the brain, namely, the development of three global processes. The first is a process of recognition of information. The second is a process of its storage (or imprinting). And the third is its extraction. Speaking about the internal information base, we mean a dynamic system, which actively interracts both with the mechanisms, working with external stimuli-irritants (i.e. with receptors, through which an organism receives the information about the state of external material environment) and with the memory directly. The more the Primitive Man became free from the influence of hereditary programmes, the greater was the importance of the internal information base in the work of becoming mentality. After all, it became the foundation of the work of the subconscious and consciousness.
Thirteenth: In the process of the formation of mankind the development of the structure and functioning of receptors occurred. Concerning these problems there still remains a lot to be cleared up. But, in my opinion, since the stage of the Primitive Man the process of the functional reconstruction of receptors began. Their main function, i.e. the control of interracton between the activity of the external environment and unconditioned programmes, was added by a new function – the one of analyzer. The receptors of primates began to carry out  the “selection” search of conditioned information, thus satisfying the needs of the brain and an organism for substance and energy. It is necessary to note that not all receptors were reconstructed to work with conditioned information. This reorganization concernd an optic receptor, a hearing one and some others.
Fourteenth: The development of the internal information base led to the appearance of a qualitatively new kind of information – associative. At the stage of the Primitive Man the associative information only began to be incidentally involved in the work of elementary mentality. It reached the domineering role in the internal information base only at the stage of neanthropus after the formation of the second signal system and originating of modulating possibilities of words and word collections. But all preconditions to its originating had been formed in the process of the development of neuron combinations of preconsciousness.
The associative information is a product of the evolution of mentality. At the end of the stage of the Primitive Man we can talk of the mature work of the object-effiecent kind of thinking (the first evolutionary step of the process of thinking), which changed radically the pattern of work with conditioned information. The primary, characteristic of the neuron and tissue levels of higher animals neuron chain:

afferent signal – sensory center – efferent signal, – 

when the sensory center became imprinted with the information adequate to a received impulse, was replaced by a more complex pattern in the process of the development of mentality. First of all, the work of the sensory center changed. Those neuron combinations, into which the sensory centers were differentiated during the stage of the Primitive Man, now turned from passive structures completely dependent on the energy influence of an afferent into a single, complex, multilevel neuron formation with potent accumulative and generating properties. This formation began to actively work with conditioned information, i.e. with the information, coming both from the external material world, and imprinted in the internal information base in the course of ontogeny.
This activity of becoming mentality, which showed itself for the first time, resulted in that the information about the state of the external world, coming to the brain,  not simply “imprinted” in the neurons of the brain, but was modified. This information was modulated and transformed into various associative forms. For example, the imagery information perceived by the optic sensory center activated the adequate information, which had been previously imprinted in the hearing sensory center or in the olfactory center  at the level neuron combinations of memory, and by means of various modulations, occuring under the influence of excitation in the brain, transformed it into a new conditioned form – the form of the associative information. This information now consisted of the elements of imagery, hearing and tactile memory. It was a qualitatively new type of information, which in many parameters did not correspond to objective (conditioned) information concerning a particular object or phenomenon. But, nevertheless, it gave a sufficient representation of this object. 
The associative information due to the modulating abilities of mentality contained the greater volume of  “useful” (from the point of view of anthropogenic parameters) bites of information. So, for example, perceiving a forest wood, hominids at the first stages of their development discerned a number of relative, limited by conditioned and hereditary programmes, “useful” points. The optic sensory center “suggested” that it is safer in a wood than in open space, and here they will satisfy the need for meal and the organization of safe night’s lodging. The hearing sensory center was “tuned” on the warning about danger, which waits for hominids in a wood etc. Quite the other mechanism of perception of the external world is observed at ancient people by the end of the stage of the Primitive Man in the  work of elementary mentality in the process of the activation of associative information. Associative information is already certain “life” experience of primates, the conditioned information accumulated during ontogeny and transformed by thinking into various information patterns. In addition to the information of hereditary and conditioned programmes a whole complex of “experience”, i.e. information accumulated during forced migrations, daily communication with the external material environment, is activated in the brain of hominids. For example, migrations characteristic of people at the stage of the Primitive Man made for the formation of a stereotyped model of behaviour in the brain hominids, which was an important addition to the reflexes of self-preservation. It made for the closer interaction of the Primitive Man and the external material world. Now hominids interracted with the external information environment at a qualitatively new level. They “compared” the conditioned information imprinted previously in the brain with  continuously coming new information. So, in addition to the hereditary and conditioned programmes of behaviour, the Primitive Man worked out a kind of “experience” (the correspondence between new and old situations), which was based on the field work of elementary mentality.
Fifteenth: The origin of mankind is inextricably connected with the change of the brain. The analysis of the evolutionary dynamics of the brain of fossil people has led scientists to assert the three indisputable facts. The first is the increase of the height of the brain that is conditioned by thw growth of the cortex, which is responsible for the higher functions of mental activity. The second is the growth, in the course of the stage of the Primitive Man, of the frontal part in connection with the increase of the height of frontal lobes of the brain and certain decrease of the size of the parietal part, which is surely the result of the reorientation of functional systems of the brain in the course of anthropogeny, also the narrowing of the primitive-motor sphere, i.e. the sphere of mechanical motions, and the enlargement of the associative functions of the brain. And the third fact consists in that on the skulls of Java turtles and Chinese pithecanthropus on the border of temporal, parietal and cervical parts there is a clearly prominent place, which is absent on endocrans of Australopithecus. Different authors give this fact different interpretation. I am inclined to agree with J. Roginsky, who thinks that it is concerned with development of  speech centers [4].
Sixteenth: From the moment of separation of hominids from the world of nature the organism of the Primitive Man revealed two natures: biological and mental. The biological nature is a consequence of the influence of the world of nature on the human organism. It is a complex of neuron combinations, which passed to peoples from biointelligent and living substances. The mental nature is a complex of neoneuron structures, which characterizes peoples as intelligent substance.
Considering the stage of the Primitive Man, we observe only the tendency of transition from conditioned reflex activity of biointelligent structures to the field work of elementary mentality. Thus the formation, in the brain of hominids, of a qualitatively new level of the exchange of substance, energy and information – the elementary mentality -- took 2 million years of the stage of the Primitive Man. It is this neuron formation based on substantially new principles of work with the information environment, that underlay the further evolutionary development of consciousness and the subconscious, which in the course of the stage of neoanthropus resulted in the formation of modern society.
27. The analysis of the stages of the origin of mankind discovers the tendency to growing integration of new and old reorganized neuron combinations in the course of 2 million years of the stage of the Primitive Manis. This universal consolidating process in the brain of the Primitive Man, on the one hand, resulted in the growing of the work of preconsciousness, and, on the other, created conditions for the differentiation of preconsciousness into two self-sufficient levels: consciousnesses and the subconscious, which as a whole constituted mental life. The preconsciousness was based on the cumulative activity of fthe ollowing neuron combinations: memory (so far divided into sensory centers), reticular formations,  speech centers (or rather sensory and motor speech zones​[54]​), thalamus. New neuron complex in its work, most likely, used discrete-continual energy of impulses and was directed on the work with the external information environment.
The formation in the brain of neoanthropus of elementary mentality is a new step in the history of development of intelligent substance of the Earth. The only event in anthropogeny comparable in its importance took place in the beginning of the stage of the Primitive Man, when for the first time in the brain of hominids the separation of conditioned programmes from instinctive reflexes occurred. That period in the history of mankind may be considered as the beginning of anthropogenic era. The formation of the elementary mentality was the reference point of the evolution of modern peoples. The formation of mentality was based on the settled work of preconsciousness and linked with the development of a new property of substance -- its ability to association. The work of the elementary mentality was based on the close interaction of correlatively evolving new neuron formations: memory,  speech centers, thalamus, reticular formation. The reticular formation became responsible for generating functions, the thalamus – for distributive functions, the speech centers – for distributive, coding and decoding functions, the memory – for accumulative functions. All this mechanism was directed on the work with the conditioned information, coming from the external material world, and also on the formation of a radically new kind of information – associative, which was a product of synthesizing and modulating mental life.
The elementary mentality of neoanthropus was a self-sufficient, capable of evolution level, which specialized in the work with the conditioned and associative information. The result of its work was the formation in the brain, alongside with neuron and tissue levels, of another nonequilibrium, open, self-sufficient system with its own circulation of substance, energy and information.
28. The fifteen neurophysiologic features concerned with the main stages of the origin of mankind influenced the course of the ontogeny of the Primitive Man. The evolutionary changes in the organization of the brain entailed adequate changes in the organization of a daily mode of life of homonids: the settlement of family life, social relations, and primary social conditions of existence. In the course of two millions years of the stage of the Primitive Man and in the organization neurophysiologic processes, as well as in ontogeny the specific orientation of intelligent substance to the perfection of intrinsic structure, and formation of the system is seen. This is what makes so important  the researches in the sphere of anthropology: they supply factual data, which allows to follow the stages of the formation of the system of intelligent substance, as well as of social organization.
As it was repeatedly mentioned above, ontogeny is a consequence of those cardinal changes, which occured in the neuron complex of the brain. Now we will consider how the evolution of the brain affected a mode of life of our ancestors during the basic stages of the origin of mankind.
First: The fact that neuron systems of the brain ceased to work with the unconditioned information, as well as their predisposition to field work with conditioned and associative information, allowed the Primitive Man as no other biological organism, to take advantage of material achievements of that environment, in which his development occurred. The Primitive Man by virtue of radical intrinsic changes in the neurophysiology of the brain, for the first time could use tools, which he saw around. This step predetermined his future, compensating the imperfection of executive systems of his organism.
The knowing of the world through sensations now involved material tools, which began to play the role of means of sensual perception of reality by peoples. The revealed inner potential of the brain, the extending functional abilities of developing mentality resulted in that the Primitive Man for the first time had an opportunity to isolate his mode of life from the destructive influences of the external world. 
At the level of the Primitive Man the brain began to play the role of generating force, which, transforming the coming information into creative potential, demanded its realization in life. So peoples were compelled to search for means and methods of realization of the new inner potentials of the brain, because it made life easier and lowered the degree of actualization of self-preservation reflexes. The available limited functional abilities of the organism were not sufficient. So it finally found the way out prompted by the external information environment. It used additional, given by nature ready means,  which allowed to satisfy the results of synthesizing and analyzing work of the brain. In my opinion, F. Engels was mistaken in his guess as to how the Primitive Man began to use tools. It was not by accident. The factor of accident in this situation belittles the stimulating value and evolutionary direction of laws of the material world. The use of tools was the purposeful (predetermined by the laws of system of intelligent substance) search of application of new potential abilities of the brain determined by the processes in it. 
There is a direct relation between the organization and development of elementary mentality and the use of tools in daily life. Tools for the Primitive Man served as the means of realization of field mental life in the form of material objects. The first tools were made of stone and so the first great discoveries in the 2-million years history of the origin of mankind are connected with the processing of stone. 
The first page in the history of development of tools was opened by stone “chopper”, “the first great invention of ancient peoples, which made life much easier” [42, 9-10]. Later there appeared:
	hand ax made by striking technique (about 800 thousand years ago);
	hand ax made by counterstriking technique (with the help of a wooden hammer and an anvil) (about 150 thousand years ago);
	first compound tools; the invention of a handle (about 100 thousand years ago);
	squeezing technique of the processing of stone (about 50 thousand years ago) [42].
The use of tools by the Primitive Man was the first landmark in the history of the origin of mankind. For the first time at an ontogenetic level there appeared neurophysiologic transformations in such a scale. The influence of the external information environment on the development of mentality increased considerably from this moment, which, in its turn, accelerated the development of neurophysiology of the brain. The perfection of the neuron structures of preconsciousness influenced the activity of the Primitive Man, the volumes, forms and methods of his work with conditioned information. 
Second: The second page in the history of the origin of mankind was the use of fire by the Primitive Man and cooking on fire. It happened approximately 500 thousand years ago. The use of fire in daily of life resulted not only in the further development of elementary mentality, but changed the anatomy and the functional activity of the organism due to digestion of new substances, which influenced greatly the itnracellular work. The internal biochemical environment of the organism enriched by new chemical elements, which begun to be involved in the biochemical reactions and thus enriched the modulating abilities of cells and neurons.
Third: The next radical change in the ontogeny of the Primitive Man was a qualitative change of the forms of communication between hominids. One of the main aspects of the development of the brain of the Primitive Man was the formation and development of  speech centers: the speech-motor, hearing-speech and optic-speech centers. They tended to cooperation and integration, which led to the organization of the second signal system. All these changes revealed in the ontogeny of the Primitive Man. The improving articulation of the communication of ancient peoples was added by the language of mimicry and gestures. If at higher animals communication did not essentially influence the ontogeny of biological organisms, for the Primitive Man communication became the factor of its development. It became the vital necessity for the development of both a separate individual and a group of primates as a whole.
The development of communication probably began with the simple signs: broken branches of the trees, twigs combined in a certain way, smoke of fires and other conditioned signs. The elementary systems of communication at the stage of neoanthropus became the basis for more complex systems, for example, the well-known Inca’s system “writing”, which consisted of knots. Incas used laces of different colour, which were tied in knots, which had different semantic meaning. Scientists presume, this system was used to “write down” laws, poetry, prose and translate information from generation to generation. It means that by the end of the Stone Age the development of mentality created all preconditions for the organization of the associative information for visual imagery type of thinking, for not only the elementary daily communication, but also for in the large-scale, complex communication operating with big volumes of information. It was also conditioned the pressing needs of ontogeny. Team-work, daily life, hunting, gathering and other forms of activity required the improvement of the process of communication. Knowledge and skills were now gained not only through daily work, and were accumulated and translated, by means of communication, from generation to generation. 
Fourth: The American physical chemist Lars Onsager established a very important law of the material world. In the scientific world this law received  the name of the principle of the direction of evolution, or the law of a minimum of dissipation of energy​[55]​. This means that the process of evolution is always directed on the decrease of dissipation of energy in any material organizations and irregular distribution of energy in material structures​[56]​.
This law helps to explain the tendency of consolidation both of new neurons in neuron structures and then neuron structures – in mentality, and of the Primitive Man – in tribal communities, i.e. primary social structures. The process of integration of neurons at the fundamental level caused the adequate integration processes in ontogeny. The team-work allowed to lower entropy, or figuratively speaking, the volume of energy waste. The gregariuos instinct of higher animals and the group communication of hominids differed by a number of important moments. One of them was the differentiation of duties given to each member of a group of the Primitive Man. In a herd of higher animals there are no individual duties despite of strict hierarchy, whereas in the group communication of the Primitive Man hierarchy is much smaller, but every member of a group has the certain duties.
The integration of the Primitive Man in social groups, as well as the development og their intrinsic structure resulted in the decrease of entropy. The interaction of a social group of the Primitive Man with the external material environment was much more effective and productive than of an individual. A group of hominids was much more successful in coping  with difficulties. In case of the group interaction with nature the parameters of actualization of self-preservation reflexes were not so high, as in case of the individual interaction with the material environment. That is why the ontogenetic development of the Primitive Man was initially the development in a social group, community; from the first steps of evolution of intelligent substance of the human developed as a social unit within the structural organization of a society. Outside society the normal development and existence of the human was impossible.
All this complex of facts caused the important changes in a mode of life of the Primitive Man. In the period of early paleolith the group migration of primitive peoples occurred. In the social organization of these ancient communities primitive instincts still prevailed, but also some social features appeared, which showed in the strengthening of interrelation inside of blood-related communities, in the joint construction of dwellings, and also in the collective procuring and distribution of means of existence [22].
It is possible to indicare such general laws, which revealed within a two-million time interval of the origin of mankind: a) as it was mentioned above, the mode of life of a human at all his stages is deirected to one purpose – the decrease of entropy in the system of intelligent substance​[57]​; b) in the process of development of social relations human society was quantitatively increased: to the beginning of the stage of the Primitive Man hominids met only in separate physical zones, and by the end of the stage they settled, practically, by all continental part; c) in the process of quantitative increase of human society its intrinsic organization became more complicated too; d) as a rule, the division of society was identical to the division of labour. For example, the apearance of hunting divided work directly into work of the getter of means of existence and the work linked with the organization of a life. The appearance of fishing also told on the  differentiation of both work, and of the structure of society; e) by the end of the stage of the Primitive Man work was differentiated into the following: to traditional kinds – hunting (though now its importance is considerably decreased), gathering, fishing, and agriculture and cattle breeding was added. According to differentiation of spheres of work there was an adequate organization of intrinsic structure of a society. Since the second step of the stage of development of the Primitive Manis his necessity for the constant migrations, which helped to satisfy essential daily needs. Peoples adopted the settled mode of life, which underlies the organization of the intrinsic structure of society. It became the beginning of the formation of the esssential features of future social relations and of civilization.
Fifth: The significant changes during the stage of the Primitive Man occurred also in family life. In this period the sexual relations in the families of hominids were organized, which allowed to solve some key problems in the development of mankind. First of all, the diffusion and development of various kinds of pathologies ceased in the environment of ancient people, which were mainly the consequence of sexual relations between close family members. The second moment was that the limitation of sexual intimacy inside family life forced the Primitive Man to widen a circle of communication in search of satisfaction of sexual instincts. This process, on the one hand, resulted in the integration of different families, their inification in bigger social groups, and, on the other, made possible various combinations at the level of genotype. As a result of sexual relations between individuals with different levels of development of genotype children surpassed their parents in sociability and inner development. Another positive moment of the widening of a circle of communication was the information exchange, which enriched the internal information base of the Primitive Man. From this moment on the social development of the Primitive Man was prompted not only by the perfection of relations inside blood-related family, but also by the development of relations between various families. Thus by the end of the stage of the Primitive Man there occurred serious changes in relations both inside families, and in the unification of various families in primitive tribal communities [52].
Sixth: At the stage of the Primitive Man the formation and development of the household, i.e. anothere important and irreplaceable attribute of human activity occurred.
 The household is peculiar only to peoples. The organization of a household was a natural consequence of the opposition between nature and peoples. In this struggle humans used every possible means, trying to survive, defend their right on existence. The usage of tools helped the Primitive Man to extend the potential abilities of the brain.
In the process of the formation of mankind the sphere of application of tools expanded. By the middle of this period they were used not only as additional means. Their functions extended onto the organization of the household, and a daily mode of life. In the process of development of mentality the Primitive Man began to face questions of the organization of daily life. The development of tools, as well as some other moments of ontogeny created conditions for the settled mode of life. Naturally, in time of regular migrations the organization of the household was elementary and  consisted mainly in making shelters out of bones of large animals (or using caves or other natural shelters), and primitive household utensils. But as soon as the Primitive Man adopted the settled mode of life, the question of the organization of the household became very important. What are the natural causes of the formation of the household? The first and, in my opinion, main cause consisted in the formation of conditions for normal existence and the development of family life in conditions of destructive influences of the external world. The first steps in the organization of the household the Primitive Man made by analogy and under direct influence of self-preservation reflexes. It was the result of elementary synthesizing and analyzing work of the brain as, which led to the organization of initial artificial environment of existence of the Primitive Man. Its organization was initially based on the laws contradicting the laws of nature. The matter is that the formation and development of the system of intelligent substance was based on a complex of laws different from the laws of nature. These were the laws of the organization and development of the system of intelligent substance. The development of the household was one of the consequences of the influence of this new group of laws.
The organization of the household includes, first of all, a complex of the questions directed on satisfaction of the vital material needs of peoples. These are needs for meal, clothes, dwelling, a sound mode of life. On the other hand, the household implies the development of the spiritual side of life, i.e. communication, culture and some other forms both at the level of a tribe and a family. 
Seventh: Very important consequences of the formation of mentality are concerned with the formation of the system of beliefs of ancient people, and their spiritual culture. The development of culture, the formation of the spiritual world of the Primitive Man is the second important feature of development of intelligent substance. Spiritual life is peculiar only to humans as representatives of intelligent substance.
As well as many other ontogenetic moments, the organization of spiritual life of the Primitive Man was a consequence of radical changes in the neuron structures of the brain. The development of spirituality is conditioned by the work of preconsciousness and elementary mentality as a whole, also by the actualization of conditioned information, development of  speech centers and neuron combinations of memory. The development of culture and the spiritual world of humans was a result of the complication of interaction between peoples and nature, intelligent and living substances, developing mentality and the external material world. We agree with the view as to the origin of culture and the spiritual world, which stated by B. Russel in his well-known book “History of Western Philosophy“ [37, 11-38]. In his daily life the Primitive Man constantly faced phenomena and processes, which stimulated his cognitive activity. Practical activities of humans were directly linked with knowledge. This interaction of practice and knowledge led to the formaton of the spiritual world, religion and worldview of humans. Trying to explain different phenomena, with which peoples dealt in everyday life, they began to form knowledge, and subsequently science. The phenomena, which peoples could not explain, made for the formation of theology and dogmatic beliefs. “Science tells us that we are able to learn, but what we are able to learn is limited, and if we forget how much is outside these limits we will not be able to understand a lot of very important things. Theology, on the other hand, establishes dogmatic belief that we have knowledge where, in fact, we are ignorant and so generates a kind of impudent disrespect toward the universe” [37, 12].
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^1	  The term "social-intellectual immortality" was taken from the book of V. P. Kaznacheev and E. A. Spirin "Cosmoplanetical phenomenon of human being" [23].
^2	  The primacy of inert substance will be discussed in subsequent chapters.
^3	  The big bang according to modern scientific knowledge demonstrates the state of the widening universe in the past (approximately 13 billions years ago) when its average density was incomparably bigger than the present one.
^4	  V. Vernadsky [14].
^5	  V. Kaznacheev and E. Spirin distinguish two possible structures of life in their book [23]. I consider this point of view to be unacceptable. The authors are mistaken joining together life and mind, "protein-nucleic and field structure" [23, 114]. I think they are radically different values. In my conception they are distinguished as two independent states of matter – alive and intelligent matter.
^6	  V. Kaznacheev and E. Spirin [23].
^7	  Philogenetic development of Homo Sapiens on the stage of Human Primitive looks like this: Ramapythecus – Australopithecus – Archeanthropus – Paleanthropus.
^8	  The intelligent substance can not have knowledge of the subsequent more developed state of matter for the same reason that the most developed structures of living substance, e.g. on the Earth (the highest animals), can not perceive particularities of the existence of human beings (the form of intelligent substance on the Earth). They are absolutely different levels of matter organization and exist in different space-time.
^9	  I emphasize, into three known to us states. If later the human mind is able to discover states of matter then respectively the world’s differentiation will increase in the same many times.
^10	  Anisotropy is a dependence of properties of medium on a direction.
^11	  It is this “gluing together”, “fusion” of local spaces into a single whole (a geometrical point) was taken as a basis by new geometry of Grotendik.
^12	  And it is not a limit. There are stars with with mass in the universe .
^13	  The time of appearance of the first atoms in the universe is about 106 years after the big bang. It is then substance was separated from radiation. M. Nusinov and V. Maron identify the time of of the first molecules with the time of appearance of the first stars in the universe (4,5 – 109 years from the big bang) [29]. 
^14	  According to the principle of Redy living matter descends only from living, between living and nonliving substance there is an impervious border. The principle of Redy was anew formulated and added with V.Vernadsky in 1924 [14, 401].
^15	  And also in more complex biopolymers about what we will speak below.
^16	  Unfortunately, it is this linear scheme was used many scientists who were the first to have studied this space-time: Oparin, Fox, Calvin and others.
^17	  That is why in a free space bioinert forms of substance are only found.
^18	  Vernadsky called it Curie’s principle.
^19	  Autarky (from Greek – self-satisfaction) – the creation of a closed system within separate space. Here it goes about the organization of a complex work of an organism in a geobiome environment.
^20	  Parabiosphere – the layers of the atmosphere (between 6-7 and 60-80 km above the surface of the Earth) where living organisms get casually and where they can exist only temporarily but normal life and reproduction is impossible [38].
^21	  Metabiosphere – a layer of the lithosphere transformed by living substance where nowadays, however, living organisms are not present.
^22	  Apobiosphere – the highest layers of an atmosphere (above 60-80 km) whereliving organisms never rise and where biogenic substances get in quite insignificant amount [39].
^23	  Abiosphere – layers of lithosphere, which were never influenced by living organisms or biogenic substances [39].
^24	  We should not forget that according to our concept, the highest representatives of living substance fauna are a subclass of insects. We will talk about it more in detail while considering biointelligent substance.
^25	  This figure needs a bit of correction as it combines the biomasses of living and biointelligent substances.
^26	  After the space-time of inert, bioinert and living substances.
^27	  The additional researches, which supplied new material, have forced me to change somewhat my position concerning this question.
^28	  This fact is reflected in fig. 1 and also can be cleared by comparison of stages of inert and living substances.
^29	  Any influence of the external environment on the fundamental level is impossible because of the laws of the organization of matter, as it means the destruction of a state of matter. For example, if we hypothetically admit a change of any characteristic of the fundamental level of living substance, there will cause a chain reaction, which will result in the annihilation of living matter. But, on the other hand, the second (cellular) level of living matter is quite accessible to the influence of evolutionary processes from the molecular-genetical level, as well as to the influence of the external environment.
^30	  And this is really testified by paleontologic annals.
^31	  The irrefutability of the demonstrative base of the statement of Dana about the continuity in time of the evolution of nervous system is confirmed by numerous studies among, which we would indicate the works of Bekhterev, Metchnikoff, Vernadsky and others.
^32	  As it was mentioned above, by “living organisms” I mean all organisms from bacteria to insects.
^33	  A ganglion (from Greek “ganglion” – knot) is a cluster of bodies and processes of neurons surrounded by connective tissue capsule and glial cells. It carries out the processing and integration of nervous impulses [12].
^34	  The rule of Snyadetsky states that the speed of breeding of organisms in ecumene is inversely proportional to their masses.
^35	  From table 25 “Settling of living substance on the surface of the planet (in days)” [14, 289].
^36	  The palaeozoic is the first era of the Phanerozoe.
^37	  Consciousness (and its energy cycle) is the highest form of mental reflection. According to our conception, consciousness is an objectively existing neuron mechanism in the brain of a person at the level of the same neuron complex. If advanced psychics is a property of intelligent substance, the consciousness togeher with continual properties of the neuron collections of the level of consciousness and generating opportunities of inner speech, is one of the main peculiarities, which separate intelligent substance from the states of inert and living matter. The energy cycle of consciousness allows psychics to rise from discrete-material interaction with the external material world to continual interaction of psychics with information environment, which implies the potent anthropogenic influence of intelligent substance on the material world.
^38	  One of the examples of esoteric researches is T. S. Tikhoplav's and V. Y. Tikhoplav’s book "Physics of belief " [43].
^39	  I have found the term “biopsyfield” for the first time in the work of Bielorussian professor A. Maneev and therefore I call it Maneev’s biopsyfield [41].
^40	  In my first works I called it boa – stimulation [6].
^41	  I.e. signals at input and at output are in some ways identical. For example, withdrawing of an arm while contacting to heat or swallowing of food taken into a miuth etc.
^42	  For example, having taken in arms a hot thing, a person can endure and not withdraw an arm. A human as no other biological organism can consciously neglect danger and to sacrifice his life etc.
^43	  More in detail this material is stated in my research "Intelligent substance" [7].
^44	  I. Kant "The Overall Natural History and the Theory of the Sky", p. 226 [ 25 ].
^45	  Prof. Porshnev was the first to pay attention to this fact [33].
^46	  The space time of biointelligent substance is actully its component.
^47	  Here we use the results of our research stated earlier in the book "Intelligent Substance" [7].
^48	  V. Bunak distinguishes seven stages of originating of articulate speech and language: vocal signals, lalies (from Greek “prattle”) with poor articulation, lalies with differentiated articulation, single words, differentiated words, phonetically various words, speech syntagmas [4].
^49	  This information, in opinion of F. Porshnev, is rather disputable and demands additional researches [33, 419-420].
^50	  For example, the newly opened gene FOXP2 is attributed the development of langauge and human culture in general.
^51	  The other scientific term is “afferent and efferent nerves”.
^52	  This process is called reverberation.
^53	  The experimental data, testifying to the existence of sensory memory ("echoic" – for acoustical, "iconic" – for visual stimuli), are based on the study of sight. If the examinee during a very short term (for example, 50 мс) is shown a plenty of stimuli (for example, 12 letters) he frequently can recollect approximately 80 their % as visual "afterimages" within the first 0,5 – 1 seconds. In some seconds the level of reproduction is reduced to 20 %. The experiments with presentation of consecutive signals have shown that along with the passive "fading" of information there is also a process of it’s active replacement by new signals. These and other facts indicate the presence in initial sensory systems (including initial projective zones of the cortex) of a capacious storehouse, retaining sensory  impressions within several seconds for their encoding, extraction of their important parameters, and also the  activation of systems of the concentration of attention [44, 162].
^54	  According to B. Porshnev [33, 175].
^55	  According to the principle of direction of evolution (L. Onsager), or the law of a minimum of dissipation of energy, out of many probable directions of the development of a process the one is realized, which provides a minimum of dissipation of energy (or a minimum of entropy) [38, 399].
^56	  Full entropy is absolutely uniform dissipation of energy.
^57	  In the establishment of this process the principle of dirction of evolution, or the law of a minimum of dissipation of energy.
